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There is tremendous satisfaction in designing 


a telephone — more satisfaction, possibly, than 
in anything else we do in the telephone field. 
That’s because the telephone is such a personal 
thing. 

All telephone equipment must work — and 
work efficiently, dependably, and with a mini- 
mum of maintenance. But the telephone instru- 
ment must do these things even though subjected 
to misuse and abuse from telephone users; in 
this respect it differs from all other telephone 
equipment, which is handled only by the tele- 
phone company’s experts, trained to give it the 
care it deserves. 


There is one other big difference. Because the 
telephone instrument is used so intimately by 
the subscriber — because it stands constantly in 
his home or office as a symbol of the telephone 
company —it must be pleasing to the senses. 
Sight, hearing, feel, and even smell, affect the 
subscriber’s opinion of his telephone (only the 
sense of taste is, so far, not involved)! In other 
words, the telephone designer must come up 
with an instrument that is not only technically 
sound but also esthetically pleasing. 


These were Our Objectives: 
To see what that means, consider the many 
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pecific objectives which we set for ourselves in 
designing the Type 80 Monophone: 


1. Since the purpose of the telephone is to 
transmit intelligence, transmission must be of 
the finest commercial quality. (This is a vast 
subject in itself, and I shall not try to discuss 
it here. Harold C. Pye and his assistants were 
responsible for this phase of development, and he 
will discuss it in a future issue of the Journal). 


2. Appearance must be outstanding. Con- 
tours must be pleasing from every angle — and 
of course, to suit modern tastes, color must be 
made available. 


3. The design of the telephone must be such 
that it would stand repeated drops to the floor 
without damage. (To those of us who have 
never in our lives dropped a telephone, tele- 
phone companies’ experience with telephone 
breakage is truly amazing!) 


4. Operation must be as reliable as it is pos- 
sible to make it, so as to hold servicing to a 
minimum. In this connection, everything pos- 
sible should be done to reduce “receiver-off- 
hook” trouble, which is one of the most annoy- 
ing complaints for the operating company. 


5. Servicing, when necessary, should be 
quickly and easily accomplished. This meant 








mounting all components on the steel base- 
plate, and “screwdriver” mounting and con- 
necting them, to facilitate their removal. 


6. Ringing should be of uniformly high vol- 
ume at all frequencies. 


7. Feet must be provided which will prevent 
the telephone from slipping during dialing or 
ringing; these feet must not stain any surface 
on which the Monophone might be placed. 


8. The instrument must be easy to pick up 
and move about. 


9. The new instrument should permit oper- 
ating companies to provide economical, im- 
proved service to their customers, and should 
increase operating revenues by encouraging use 
of the telephone, and attracting new subscribers. 


10. In short, the new Monophone must pro- 
vide the “best in everything,” yet it must be 
designed so it could be offered at a _ reason- 
able price. 


We considered these to be the “must” re- 
quirements for our new instrument. Beside 
these there were many “desirables”: 


1. All transmission components (except re- 
ceiver and transmitter, of course) should be 
housed in a single container which could be 
impregnated to withstand any environment in 
which a telephone would be used. The trans 
mission unit should provide sufficient terminals 
so all circuit connections made by the operat- 


2 














ing companies would be made at the “terminal 
board” with no tool but a screwdriver. 


2. The ringing condenser should be a part 
of the ringer assembly. Thus, when an operat- 
ing company changed a ringer (for example, 
when a number change required that the Mono- 
phone be changed from 16 2/3 cycles to 33 1/3 
cycles) the correct condenser would always be 
available and used. 


3. A volume control should be placed on the 
ringer so a subscriber could regulate the ringer 
volume to suit his or her individual desire. 
(There is some disagreement as to whether this 
is desirable, so we manufacture Type 80 Mono- 
phones with straight-line ringers both with and 
without volume control; no volume control is 
available for harmonic ringers) . 


4. Dial and hookswitch spring assemblies 
should be provided with dust covers. 
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Figure 1. Type 80 Mono- 
phone, in standard black. 


5. All contact springs should be of twin- 
contact type to provide more reliable contact 
closure. There should be provision for ade- 
quate hookswitch springs for special circuits. 


6. Hooklatch facilities should be _ provided. 
The hooklatch is a mechanical device which 
stops the hookswitch in a partly operated posti- 
tion (when the handset is removed) so only 
the receiver is connected to the circuit for listen- 
ing purposes. A button is pushed to allow the 
hookswitch to operate fully and connect the 
dial and transmitter. 


7. Provision should be made so the _ hook- 
switch could be placed in the “handset on 
cradle” position (making the Monophone ready 
to receive calls), even though the housing and 
handset were off the Monophone; this would 
permi: a service man to inspect the telephone 
withot busying the line or losing important 
telephone calls. The hookswitch must automat- 





ically restore to operating condition when the 
housing is assembled on the Monophone. 


For a short time we considered making a 
“convertible” telephone —that is, a desk set 
which could be converted into a wall set. We 
felt, however, that the demand for wall tele- 
phones justifies the designing of another in- 
strument specifically for this use, and there- 
fore it was not desirable to make any compro- 
mises in the design of a desk telephone, in order 
to meet this need. The “convertible” idea was 
therefore abandoned. 


The desk telephone which we developed, in- 
corporating these ideas and many others, is the 
Type 80 Monophone, shown in Figure lI. 


The Dial, and Number Plate 


One of the first considerations in designing 
the telephone was the angle of the dial and 
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the design of the number plate. Investigation 
showed that, with a person of average height 
seated in a chair of normal height, and at a 
desk of normal height, a dial angle of about 
35 degrees would give the best visibility of the 
numerals and letters, and also would place the 
dial at the most convenient angle for dialing 
(convenience of dialing is important because, if 
the angle is incorrect, the subscriber’s finger 
is likely to slip out of the finger wheel) . 


The size, shape, and location of the letters 
and numerals was important. We felt that, on 
most of the telephones we had seen, either the 
numerals and letters were too small, or they 
were not located so as to be clearly visible and 
readily identified with the proper hole in the 
finger wheel of the dial. Obviously if the sub- 
scriber cannot readily see the correct numerals 
and letters, and readily identify them with the 
correct finger hole, he or she is likely to guess, 
and wrong numbers will result. 


Inasmuch as Auotmatic Electric Company al- 
ready had a dial which was unsurpassed for 
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performance and reliability, the obvious thing 
to do was to use this dial in as near its existing 
form as possible. ‘This would make it possible 
to use any Automatic Electric dials the customer 
might have, with very little or no modification. 
Accordingly, it was decided that new number 
plates should be designed into which the Auto- 
matic Electric Company Type 51 (or the earlier 
Type 24) dial would fit. 


A few of the many types and shapes of num- 
ber plates designed are shown in Figure 2. As 
may be seen from this photograph, the letters 
and numerals were arranged in different con- 
figurations or patterns. In addition, various 
sizes of letters and numerals, types of charac- 
ters, widths of stroke or line, and spacings were 
tried. While it is not very apparent from the 
photograph, these number plates were also of 
several different contours. Some of them were 
convex or dished downward. Some were flat. 
Some were domed upward. Some of the num- 
ber-plates underneath the finger wheel were 
domed, and made from clear plastic with the 
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numerals on the back, so as to cause the numer- 
als to be enlarged or magnified. Others lad 
the numerals engraved and painted in a manner 
which gave a three-dimensional effect. Various 
color combinations were used, including metallic 
paints. In short, almost anything which would 
increase the legibility of the numerals and let- 
ters was tried. 


As a result of all these trials, we decided to 
make the number-plate convex, in order to make 
its contour blend in with the contours of the 
proposed housing. We also decided to use num- 
ber plates molded by the double-injection mold- 
ing process, since this process places the numer- 
als and letters on the surface of the plate and 
provides an almost indestructible number plate. 


We had intended to make the number-plate 
with the same bright polished surface as the 
housing. However, when viewing the plate from 
many angles and under various lighting condi- 
tions, we found undesirable highlights or re- 
flections occurred, which tended to hide the 
numerals and letters and under some lighting 
conditions made it very difficult to see the let- 
ters or numbers clearly. A matte finish on the 
surface of the plate removed these undesirable 
reflections. 


Viewing the number plate from various angles 
also disclosed that from the angle a child might 


view the dial, the flat finger wheed had a ten- 
dency to hide the “3” and “4” on a metropolitan 
number plate. A domed finger wheel corrected 
this difficulty and also blended the contour of 
the dial more gracefully into the contours of 
the proposed telephone. 


To better identify the groups of letters and 
numerals with the finger holes, an arrow was 
placed under each hole in the finger-wheel to 
guide the eye to the correct group. 


The number plate finally selected is the one 
at the lower right in Figure 2. 


For use with existing dials, the number-plate 
was made in the form of an adapter ring which 
could be simply slipped over the dial before it 
was screwed to its mounting plate. A new dial 
was also designed with a one-piece number-plate 
(combining the old “number-plate’” and the 
new extended plate); this plate has a flange 
projecting upward in the center, providing bet- 
ter dust protection. As this plate is molded of 
thermoplastic, it is available in colors to match 
all colors of Monophones. 


Design of the Housing 

An industrial designer who had previously 
demonstrated his ability in designing equip- 
ment for Automatic Electric was now commis- 
sioned to suggest the styling of the telephone. 





Figur: 2. Some of the number-plates developed for trial on the Type 80 Monophone. Plate adopted is shown at lower right. 














Figure 3. The handset of the Type 80 Monophone ‘“walks’’ into 
place, even though it is placed in front of the cradle. 


His design consisted essentially of a gracefully 
curved, approximately rectangular, box section 
(to house the majority of the apparatus) as a 
base, intersected at the proper dial angle by a 
gracefully curved, approximately square, box 
section whose function was to house the dial. 
The cradle section was blended into both of 
these sections and in back of the dial housing 
section; the contours of all three sections were 
then reworked to blend into a smoothly inte- 
grated unit which was unquestionably the best- 
looking model of a telephone we had seen. 


Taking this as the basic design of our hous- 
ing, we went to work to incorporate into it all 
the features we had decided upon for our new 
instrument. We wanted its lines and curves 
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not only to enhance the beauty of the Mono- 
phone, but also to improve its performance. 


How could the curves and contours of a tele- 
phone housing possibly improve the perform- 
ance of a telephone for an operating company? 
That’s a good question, and the answers are 
many. But the first, and possibly the most im- 
portant, example is the “Walking Handset” 
which we developed to reduce “receiver-off- 
hook”’ trouble. 


“Receiver-off-hook”” means, of course, that the 
subscriber may have carelessly replaced the 
handset on the telephone in a way which has 
not properly operated the hookswitch. This 
means that his line, the line to which he was 
last connected, and the central-office equipment 





















































which connected them, are all held operated; set in order to prevent sticking, the curves on 


all the other parties on the two lines (which may the front surface outside the cradle, as well as 
total 19) are denied service for an indefinite the slope downward from these curves, were 
period! This sort of thing can be a real nui- carefully contoured. The radii on the handset 
sance for the telephone company; yet no other where the handle joins the cups at either end, 
telephone had really attempted to solve this the contour of the transmitter and receiver caps, 
problem. and other contours all play a very important 


part in making the “Walking Handset” pos- 
sible. Thus, contours which seem only to give 
pleasing shape to the housing and the handset 
actually have important functions. Although 
functional, these contours, because of their shape 
and simplicity of line, blend the handset and 
housing into a telephone of unusual beauty. 


Examination of these other instruments will 
show that almost all of them have cradle posts 
projecting above the body of the telephone. It 
may be demonstrated that it is very easy to 
place the handset in front of the cradle posts 
in such a way that it will stay on the telephone 
and appear to be in place, yet cannot operate 


the hookswitch. It was our object to make this In addition to the contours for the “Walking 
impossible —to assure that a handset replaced Handset,” we carefully regulated the side con- 
in this manner would either “walk” into the tours of the cradle, the spacing between the 
cradle, or else fall off the Monophone (see front and back cradle posts, the width of the 
Figure 3). cradle in relation to the length of the handle, 

Actually the principle of the “Walking Hand- the transmitter and receiver cap contours, and 
set” is very simple. Gravity tends to pull an the adjustment of the hookswitch so that it 


object downward. Thus, a block will slide down will be operated in any position the handset 
an incline (and even over a smaller object placed can be placed on the cradle without falling 
in its way) if the friction developed is less than off the telephone (see Figure 4). 

the pull of gravity. 

In the same way, the handle of the Type 80 
Monophone handset slides up and over the front 
of the cradle as the handset rotates into place. 
While the handset appears to lift itself, actually 
the center of gravity of the handset must be 
falling at all times in order to provide the mo- 
tive force to rotate the handle into place. 





Design for Plastic Molding 


A glance at any of the phonographs of the 
Type 80 Monophone will show that almost all 
lines and surfaces are gracefully curved — only 
a few lines and surfaces at the hookswitch are 
straight or flat. In addition to their esthetic 
value, these curved lines and surfaces have a 


The first step in this development was to lower 
the cradle and raise the part of the housing 
above and behind the dial as much as possible 
without detracting from the appearance of the 
Monophone. It was necessary to determine the 
amount of stroke necessary to operate the hook- 
switch, and so contour what remained of the 
front posts of the cradle that the handset would 
come directly down on the hookswitch plungers 
and provide the necessary stroke. In order to 
reduce the amount of friction, a bevel was 
added to each of the posts so the handle would 
slide on a single line on each post. This line 
was raised as high as feasible on the surface in 
front of the posts to prevent the handle from 
“hooking” on them, and was blended into the 
front contour so as not to detract from the ap- 
pearance of the telephone. 
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To f Bk Figure 4. Even if left in this position, the handset of the 
o further regulate the position of the hand- Type 80 Monophone will always actuate the hookswitch. 
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very practical purpose in the process of molding 
the plastic parts. 

The housings of Type 80 Monophones are 
molded of thermoplastic. Parts molded of this 
material may vary somewhat in shape, because 
the pieces do not always cool evenly, and slight 
warping occurs. ‘These conditions would cause 
straight lines to be wavy, and flat surfaces not 
to be flat. Thus, these slight imperfections 
(which in no way impair the usefulness of the 
housing) would detract from its appearance, 
whereas they are virtually impossible to see on 
gracefully curved surfaces. 

The decision to use thermoplastic molding 
material instead of the less costly thermosetting 
phenolic plastics was based largely on its greater 
strength. As previously mentioned, a phenolic 
housing did not have the strength to with- 





stand being accidentally dropped from a desk 
to the floor; certain types of thermoplastic ma- 
terials, however, do possess sufficient strength 
(if used in a properly designed housing) to 
withstand repeated drops. 


The amount of heat normally used in mold- 
ing thermoplastic compounds does not cause a 
chemical reaction or polymerization. ‘Therefore 
when an article molded of thermoplastic mold- 
ing compounds is again subjected to heat, it 
will either soften or melt, depending upon the 
temperature to which it is heated. It is there- 
fore necessary to choose a thermoplastic mold- 
ing compound whose softening temperature is 
above the highest temperature to which the 
Monophone will be exposed, and whose impact 
strength is such that the Monophone will not 
break when it is accidentally knocked to the 






































floor. Usually the thermoplastic molding com- 
pounds with the lowest melting point provide 
the greatest impact strength. Therefore, a ma- 
terial with reasonable balance between proper- 
ties must be selected; it must provide strength 
to withstand dropping, yet must not soften at 
any temperature to which it will be subjected 
in service. 

The growing demand for color was another, 
and equally important, reason for using thermo- 
plastics. These materials are available in an 
almost unlimited range of colors as well as black, 
whereas only a very limited color selection is 
available in phenolics. 


Designing for thermoplastics requires a very 
different technique from designing for phenol- 
ics. Sections must be as uniform as possible. 
Contours must blend smoothly into one another 





and must not be too thin. Because the molded 
piece is soft and somewhat flexible when it is 
removed from the mold, adequate stiffening ribs 
must be provided. (These ribs also greatly stif- 
fen and strengthen the molded piece when in 
service.) The thickness of the ribs in proportion 
to the outside housing must be carefully con- 
trolled to prevent the ribs from showing on 
the outside. Proper taper on the parts must be 
provided so the piece may be ejected from the 
mold without distorting the molded part. Spe 
cial care must be used in designing sections 
and contours around inserts. 


In order to eliminate the sound openings in 
the sides of the housing, the steel base of the 
Type 80 Monophone is raised off the desk by 
means of feet, and the sound openings are in 
this base. A space between the sides of the steel 
base and the housing also permits sound to 
escape. 


To support the housing as much as possible, 
and reduce breakage, three threaded inserts are 
set into the housing. ‘These inserts permit 
screwing the steel base solidly to the housing 
in three places. We believe that the additional 
strength afforded the Monophone by holding it 
tightly together as an assembly, and thus re 
ducing breakage, far outweighs the extra effort 
of putting in an additional screw or two. It is 
obvious that no “clip together” or “single screw 
in slot” arrangement could give the support to 
the housing that is afforded by screwing the 
housing solidly to the drawn steel base. 


Further support was given the housing by 
extending many of its ribs so they will bear on 
the flange of the steel base. At points of heavy 
strain, extra ribs were placed in the housing, 
thus doubling the bearing strength. Small pro- 
jections on the ribs hook in behind the flange 
on the steel base and help keep the housing in 
the proper shape. 


Drop Tests 


Since there is no way to tell how the tele- 
phone might be dropped, it was decided that 
an assembled Monophone would be balanced on 
the edge of a desk and allowed to fall to the 
floor. To ensure that it would strike the floor 
in all likely positions, the Monophone would 
be pushed off the desk twice from each side. 
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Thus a total of eight drops would be made. To 
make certain that the floor would be as hard as 
it might be in any subscriber’s premises, a 34” 
steel plate covered with a piece of 14” thick 
Masonite would be used as the “floor.” 


Inasmuch as the apparatus in a telephone is 
fairly heavy, the shock of hitting the floor is 
quite severe. The Monophone housing was to 
withstand this test without breaking. This was 
a very difficult goal but we felt that if we could 
achieve it, the saving to an operating company 
should be considerable. Tests on completed 
Monophones have shown that we have attained 
our goal, but only after considerable struggle. 


When the first housings for the Type 80 
Monophone were obtained from the mold, they 
were very promptly drop-tested—and just as 
promptly broke! Pictures of the Monophone 
being pushed off the desk and hitting the 
Masonite-covered steel plate were therefore taken 
with the high-speed camera at about 3500 frames 
per second. Following study of these pictures 
slight revisions were made to the mold and an 
entirely different plastic used to mold new hous- 
ings. Drop tests on these housings showed they 
had more than adequate strength. Many were 
unbroken after 58 drops! 





Our high-speed photographs disclosed some- 
thing else of considerable interest. To the eye 
it appears as though the Monophones merely 
hit and roll over. The camera reveals, how- 
ever, that with the housings now being used, 
Monophones hit and bounce almost like a rubber 
ball, and spin and hit again. The resilience 
of the housing is an important factor in reduc- 


ing breakage. 


Since the components of a telephone are fairly 
heavy, it was necessary to provide not only a 
tough housing, but also adequate support for 
the components — adequate support, in this case, 
being a sturdy base. A sturdy base can be ob- 
tained in two ways: l. By using very heavy 
metal; 2. By using lighter material and drawing 
a rim around the outside. The second method 
is, of course, preferable, since it reduces the 
weight of the telephone. Everyone is familiar 
with the fact that a“U” channel is much harder 
to bend than a flat sheet; also, that a drawn 
box is much more rigid than a channel section. 
We therefore designed the base as a drawn box. 
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The Type 80 Monophone base is more than 
just a drawn box, however — it is so shaped that 
it supports the housing in many places, particu- 
larly at the corners. ‘The bottom of the base is 
also drawn down into many shapes to properly 
support the components —and in some cases, 
space them from the base. For example, if the 
steel base were placed directly against the ringer, 
one of the ringer magnets would be magnetic- 
ally short-circuited and the performance of the 
ringer seriously impaired. If the ringer were 
spaced from the base by means of loose washers, 
one of these might be dropped when an oper- 
ating company service man was changing ring- 
ers, and valuable time be lost. Drawing the 
bottom of the base into suitable configurations 
provides a solid mounting for the ringer, yet 
provides the necessary spacing. The solid niount- 
ing is very important since the performance of 
frequency-sensitive ringers at the higher fre- 
quencies is seriously affected (that is, the vol- 
ume of sound is lowered considerably) by any 
movement between the ringer and the base. 
These configurations also further strengthen the 
base. 


Other drawn shapes on the base securely 
clamp the line and handset cords, yet guide 
them so they do not interfere with the ringer, 
nor do they interfere with replacing the hous- 
ing. Still others make it possible to locate the 
screws holding the housing so that it is only 
necessary to place the housing over the front 
two screws and let it fall into place. Result— 
no troublesome alignment or cross-threaded 
screws. 


Four non-staining feet are provided on the 
base, which firmly grip the desk top and prevent 
the Monophone from moving easily. It is very 
important that the Monophone stay firmly in 
place during dialing; if a telephone slips dur- 
ing dialing, the result is very likely to be a 
wrong number. 


The feet serve other, not so obvious, purposes. 
They raise the base off the desk, permitting the 
use of sound holes in the base, instead of sound 
openings in the shell. The feet are Neoprene, 
securely bonded to steel inserts, and placed at 
the corners of the base so that in many cases 
they greatly reduce the shock to the housing 
when a Monophone is dropped. No matter how 

















the Monophone lands on the floor, the place- 
ment of the feet is such that additional support 
is given the housing. 


The steel inserts in the base serve as non- 
losable nuts or threads for the screws which hold 
components to the base. The inserts in the front 
two feet hold the screws which in turn hold the 
front two legs of the dial mounting. The inserts 
in the rear two feet provide the threads for the 
cord clamps. By using threaded inserts in the 
feet, we were able to provide many more threads 
than would have been the case if we had merely 
tapped the base; threads in the base would strip 
easily and, if stripped by a service man, would 
necessitate replacement of the base, which is 
both expensive and time-consuming. 


In the Type 80 Monophone there are no com- 
ponents held to the base by threads in the steel 
base. There are sufficient threads in the steel 
inserts in the feet so it is very doubtful if strip- 
ping will ever occur. However, if a foot is dam- 
aged it is very easily replaced at the subscriber’s 
premises by a service man. 


The ringer is securely mounted to the steel 
base by three screws—a stable mounting being 
assured by the use of a three-point suspension. 


The correct condenser for each ringer is 
mounted directly on it. This ensures that the 
correct condenser will be available any time a 
Monophone is converted to ring on another fre- 
quency. The ringer-condenser assembly is pro- 
vided with leads with spade terminals, so it may 
be changed on the subscriber’s premises without 
the use of a soldering iron. 


Straight-line ringers (non frequency-sensitive) 
are available with a sound-adjusting wheel, 
which projects through the bottom of the steel 
base, enabling the subscriber to adjust the vol- 
ume of sound to suit his or her individual pref- 
erence. As normally furnished, the sound-control 
wheel will not permit the subscriber to turn the 
ringer completely off, as this might result in lost 
calls. This volume control is effective only when 
the straight-line ringers are operated on 1624 
cycles, 20 cycles or 25 cycles; it is not effective 
when 30-cycle or higher frequencies are used. 


Since many operating companies may not 
want a volume control, the Type 80 Monophone 
is also available without this feature. 


In order to increase the volume of sound of 
the higher frequency ringers, they were rede- 
signed to provide a magnetic path of high initial 
permeability (at low flux densities) between the 
two coils. The two ringer cores were likewise 
made of nickel-iron having a high initial per- 
meability at low flux densities. Thus by provid- 
ing a thin piece of nickel-iron between the 
nickel-iron cores and the heelpiece, and reduc- 
ing the d-c resistance of the coils, we were able 
to keep the impedance of these higher-frequency 
ringers (at talking frequencies) to the same 
high value as the ringers for lower ringing fre- 
quencies. Since at ringing frequencies the cur- 
rent through the ringer coils is much higher, 
resulting in higher flux density, the thin piece 
of nickel iron becomes saturated and most of 
the magnetic flux travels through the heelpiece. 
Due to the flux path passing through an or- 
dinary iron heelpiece, and due to the lowered 
d.c. resistance of the coils, we have a low-im- 
pedance ringer at ringing frequency. Thus at 
the low voltage of the talking frequencies we 
have a high-impedance ringer, and at the higher 
voltages of the ringing frequency we have a low- 
impedance ringer. 


The electron tube required for superimposed 
ringing can be supplied when’ this method of 
ringing is used; space for this tube is provided in 
the housing. 


The transmission network is located at the 
front of the steel base. This network contains 
the induction coil, talking condenser, and _bal- 
ancing network. By placing all these important 
components in a single housing, and filling the 
housing with a non-hardening, non-shrinking 
and moisture-resistant impregnant, we are able 
to protect the “heart” of the Monophone against 
almost any climatic condition in which a human 
being is likely to use a telephone. All circuit 
terminations are conveniently made to screw 
terminals on the top of the transmission net- 
work. This practically eliminates any need of 
using a soldering iron on the subscribers’ prem- 
ises when servicing a telephone. 


Hookswitch Mounting 


To ensure a stable mounting for the hook- 
switch and the dial, a sturdy three-leg frame was 
designed. This frame is fastened securely to the 











Figure 5. This side view shows the coil spring that actuates 
the hookswitch springs, and the curved rib on the housing 
that returns the “‘Installer’s Hook-Lock’’ to normal position. 


base at three points, and provides all the stability 
ot a three-legged stool! To this mounting frame 
the hookswitch is fastened securely. 


The handset of the Type 80 Monophone is 
appreciably lighter than former handsets. This 
lightness, of course, greatly reduces fatigue from 
holding the handset when using the Mono- 
phone. But it also necessitated the design of an 
entirely different type of hookswitch. Ordinary 
hookswitches build up pressure rapidly toward 
the end of the stroke, and require a heavy hand- 
set to completely operate the hookswitch. (In 
a former type of handset, in fact, it was necessary 
to mold a lead weight in one end, to ensure that 
it would operate the hookswitch) . 


Examination of a Type 80 Monophone hook- 
switch will show that it is of the “reverse- 
action” type—that is, a coil spring furnishes the 
power to operate the hookswitch springs (see 
Figure 5). The pressure required on the plung- 
ers to operate the hookswitch springs is lowered 
to a reasonable level at the beginning of the 
plunger stroke by the action of the coil spring 
and contact springs working against one another. 
As the plungers are depressed, the pressure of 
the contact springs against the operating lever 
grows less and less until all contact-spring pres- 
sure is transferred against the back contact 
spring or springs. The operating-lever buffer is 
entirely free of the springs when the handset is 
on the cradle. As the hookswitch lever swings 
during the time the plungers are being de- 
pressed, the coil spring is lengthening and exert- 
ing more and more pull or force. However, the 
line of force is approaching the center of the 
lever pivot pin, so the turning torque being 
applied to the lever reaches a maximum and 
then starts decreasing. 
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Figure 6. The optional hooklatch is released by a button in 
the cradle. 


The “‘Installer’s Hook Lock” 


When the housing of a Type 80 Monophone 
is removed, the hookswitch levers may be de- 
pressed and locked so the hookswitch stays in a 
“handset-on-the-hook”’ position, just as though 
the housing were in place and the handset oa 
the cradle. ‘Thus, the Monophone is ready to re- 
ceive calls and no central-offiice equipment is 
held operated. This was accomplished by design- 
ing the hookswitch lever and the coil-spring 
anchoring arms in such a way that the hook- 
switch lever can be depressed to a position where 
the coil spring exerts practically no turning 
torque, but pulls approximately through the 
center-line of the lever pivot. (The hookswitch 
is shown in the “hook lock” position in Figure 
5). One does not realize the utility of this simple 
device until he sees a service man trying to bal- 
ance a pair of lineman’s pliers or other weight 
on the hookswitch levers of a telephone. 


Of course, it is essential that the hookswitch 
restore to operating condition when the housing 
is replaced on the Monophone. This restoration 
must be automatic and positive so any forgetful- 
ness on the part of the service man will not re- 
sult in a “telephone out of order” service call. 
This is accomplished, as shown in Figure 5, by 
molding a curved rib into the housing in such a 
position that as the housing is dropped into 
place, this rib strikes the hookswitch lever and 
trips it into operating position. This same rib 
prevents the lever from moving into “hook-lock” 
position when the housing is in place. Simple? 


The hookswitch is equipped with a clear plas 
tic dust cover, permitting inspection of the con- 
tact springs without removing the cover. The 
operating lever operates the springs through a 
hole in the dust cover. When the handset is on 
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the cradle, the lever buffer is free of the hook- 
switch springs, and a flat spring closes the hole 
in the cover. Moving the hookswitch into the 
“hook-lock” position permits easy removal of the 
cover, which is held in position by a spring and 
a tongue that fits into a hole in the hookswitch 
mounting. 


The hookswitch contact springs are mounted 
with their flat surfaces only about 35° off a verti- 
cal plane; this, together with the dust cover, 
ensures most reliable operation. 


A simple hook latch is available (see Figure 
6) which prevents the hookswitch from operat- 
ing completely when the handset is removed. 
The circuit is so connected, and springs so 
adjusted, that this partial operation connects 
the receiver (but not the transmitter and dial) 
across the line. Thus a subscriber on a party line 
can listen-in without reducing transmission vol- 
ume if a call is in progress on the line. Depress- 
ing a button allows the hookswitch to complete 
its operation. 


“Snap-On” Dial Mounting 


The three-point suspension frame to which 
the hookswitch is fastened provides the support 
also for the dial. The dial is first fastened by 
three screws to a mounting plate having bayonet- 
type lugs; when these engage two pins on the 
mounting frame the dial is supported by two 
very heavy bronze springs. To assemble the dial 
to the base assembly, simply place the dial (on 





Figure 7. Bayonet mounting of dial is clearly shown in this side view 
of |-ousing. 






























its mounting) on the front legs of the support 
frame, and press downward against the springs 
while pushing the bracket up the inclined sur- 
face of the front legs. The bayonet lugs of the 
dial mounting plate pass under studs on the 
sides of the front legs and when pressure is 
released the dial and plate are held in place by 
these studs (see Figure 7). To remove the dial 
and mounting plate, press downward and slide 
the plate down the front support legs. When the 
pressure is released the dial and plate may be 
easily lifted off the base assembly for inspection 
of the back of the dial. 


Spring-mounting the dial in this way ensures 
that it will be properly centered in its hole in 
the housing, that it will be flush with the sur- 
face of the housing, and that it will form a dust- 
tight seal with it. The number-plate is flanged, 
and an aligning bevel is provided just above the 
flange. When the housing is assembled to the 
Monophone (with dial and bracket in place on 
the front legs of the support frame) the heavy 
bronze springs force the dial number plate 
tightly against the housing (see Figure 8). 


These springs also greatly lessen the shock to 
the dial if a Monophone is dropped so it lands 
on the dial. The springs give, reducing the im- 
pact, and then force the dial back into place. 


In addition to the extended number-plate and 
inner arrow plate used to convert the Type 51 
dial for use in the Type 80 Monophone, a rear 
dust-cover has been added. Cords with spade 






Figure 8. Cutaway view, showing number-plate flange and tapered 7 
sides that assure dust-tight mounting of dial to housing. 
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terminals are fastened to the dial and terminate 
at screw terminals on the transmission network. 


Since a desk telephone must occasionally be 
lifted and moved about, we provided for this in 
designing the housing of the Type 80 Mono- 
phone, and locating the various components on 
the base. The surface under the handset is large 
enough to provide a firm finger-hold, and it has 
a lip at the edge, to fit the fingers. This finger- 
grip is at approximately the center of balance 
of the instrument, so there is no tendency for 
the Monophone to slip out of the hand. 


The Monophone Handset 


In designing the handset, we kept in mind the 
people who would be using it. To make tele- 
phoning as effortless as possible, we made the 
handset lighter in weight, and formed its con- 
tours so it could be gripped easily and lightly, 
without danger of dropping it. 


If you hold a Type 80 Monophone handset 
easily in either hand, in proper position for 
conducting a conversation over the telephone, 
you will find the following things are true: 


1. Your little finger rests on a flat section 
near the transmitter cup. 


2. Underneath the first joint of your second 
and third finger is a ridge formed by beveling 
the surface from the center toward each side 
(see handset at left side in Figure 9). 

3. Underneath the first joint of your first finger 
is the lower corner of the handset near the 
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receiver cup. The portion of your first finger 
between the first and second joints rests 
against the flat side of the handset. 


4. The ridge down the center of the outside 
of the handset coincides approximately with 
one of the grooves formed by partially closing 
your hand. 


5. Your thumb rests along a flat surface on 
the side of the handset. 


All of these things add up to a firm and se- 
cure grip on the handset—yet one which is easy 
and comfortable. 


Many people in removing a telephone handset 
from the telephone cradle, grasp the handset 
between the thumb and one or two fingers. Some 
handsets are so shaped that when you hold them 
in that manner and feel the handset starting to 
slip, additional pressure by your thumb and 
fingers will cause the handset to be literally 
squeezed out of your grip. The Type 80 Mono- 
phone handset is shaped with the upper portion 
of the handset wider than the bottom; holding 
the handset in the same manner as before and 
increasing pressure will result in a tighter grip, 
tending to force the handset into your hand and 
not out. This may be readily seen in Figure 9. 


Other important features of the new handset 
are: 


1. Shortening the handset (compared to older 
handsets) , and re-positioning the transmitter 
relative to the receiver, results in placing the 
transmitter closer to a person’s mouth and 
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Figure 9. Squeezing the Monophone handset (at 
left) forces it into the hand; compare this with 
handset shown at right. 
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also slightly to one side. This improves trans- 
mission by increasing volume and decreasing 
“blast” due to a person’s breath. 


2. Molding the handsets without any molded- 
in threaded inserts (for electrical connec- 
tions) has a very practical value for the oper- 
ating company. In handsets with molded-in 
inserts, accidental stripping of the threads or 
accidental breakage of a screw necessitates re- 
placing the whole handset handle. In the new 
Type 80 Monophone handset, only the spring 
with stripped threads or broken screw need 
be replaced. The new handset also permits 
making the connections to the springs outside 
the handset, and placing the springs in the 
handset later. The springs fit into either 
grooves or recesses which hold them in place. 


3. Re-contouring the receiver cap resulted 
in a better seal with the ear, and a more com- 
fortable feel. 


4. The use of an additional terminal, about 
eight inches from the end of one of the wires 
in the handset cord, eliminated the need for a 
loose wire in the handset and also the necessity 
of putting more than one terminal under a 
screw. 

In one important respect molding the handset, 
in black, was a simpler problem than molding 
the housing. The handset is, of course, much 
lighter in weight, and therefore is less likely 
to break upon being dropped. Coupled with this 
was the fact that the molded sections of the 
handset could easily be made as thick as needed 
to provide adequate impact strength; the wall 
thickness was not limited by space requirements, 
as it was in the housing. It was therefore possible 
to use phenolic materials for molding the black 
handset and caps by the familiar processes that 
had been used for our previous telephones. 


We felt reasonably certain that by molding 





the handset on the side and properly maintain- 
ing the mold we could minimize the amount of 
“flash” (the thin projections that are formed 
when the two sections of a mold do not meet 
completely), and by proper design treatment 
could make the flash line serve as a decorative 
trim line. Buffing or machining would not be 
needed, and the handset would not only look 
better but actually feel better in the hand. There 
is an interesting reason for this. 


Phenolic molding materials normally used in 
molding handsets contain wood flour in addi- 
tion to the molding resin. The molding process 
results in a layer of cured phenolic resin which 
covers the wood flour and reduces any tendency 
to absorb moisture, perspiration from the hands, 
etc. Buffing or machining exposes this wood flour 
filler, however, and makes it possible for the 
wood flour to absorb moisture and perspiration. 
(You have undoubtedly picked up the handset 
of an older telephone and felt that it was sticky 
or gummy; this was probably due to the in- 
creased moisture absorption of the exposed wood 
flour, which helped to hold dirt on the handset) . 
Sometimes, in an effort to protect the wood flour 
filler, a waxy buffing compound is used but this 
also results in holding dirt on the handset. ‘The 
fact is, no finish can be applied to the handset 
which is as good as the original molded finish. 


Design for Color 


Since the housing of the Type 80 Monophone 
was molded of thermoplastics, which are avail- 
able in a wide range of colors, no re-design was 
necessary for conversion to color. But the colored 
handset was a problem; because it was not pos- 
sible to secure the desired colors in phenolic 
plastics, it was necessary to re-design the handset 
for molding in thermoplastics. As previously 
mentioned, this made it necessary that the wall 
sections of the handle, and also of the transmit- 
ter and receiver caps, be as nearly uniform as 
possible. 

As an example of the problems encountered, 
see Figure 10. The black phenolic handset at the 
top of the figure has a tunnel molded in by 
means of a rectangular core-rod that extends be- 
tween the plugs that form the transmitter and 
receiver cavities. This core-rod is removed from 
the handset after the handset is removed from 
the mold. Considerable care was necessary in 
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mitter so the rod can be removed. The mold had 
to be carefully made and curvature accurately 
controlled; there is only one place the rod can 
be located and still be removable. 


A glance at Figure 10 will show that the thick- 
ness of the sections of the black phenolic handset 
varies considerably and that some sections are 
very heavy—in fact, at one point the wall is 
approximately 9/16 of an inch thick. This is 
permissable for phenolic thermosetting molding; 
it is totally unsuitable for thermoplastics. 





Figure 10. Longitudinal sections of black phenolic handset (top) and colored 
thermoplastic handset (bottom). 


Thermoplastic handsets have been molded in 
the past but the method used was never very 
satisfactory. The handle was molded with an 
open cavity on the inside of the handle (open on 
the same side as the transmitter and receiver 
cups). A separate piece was then molded and 
cemented in place to close the cavity. The result- 
ing handset had very poor strength, and usually 
poor appearance, due to the cementing. 
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locating this core-rod and in shaping the trans- 





For thermoplastic molding we designed the 
handset shown at the bottom in Figure 10. Sec- 
tions were kept as uniform as possible but, as 
may be seen, some variation was unavoidable. 


By means of careful layout (and several models) 
we found the tunnel could be made by means of 
two cores, one fastened to the plug for the trans- 
mitter cavity and the other fastened to the plug 
for the receiver cavity. The plugs for these cavi- 
ties were so contoured as to reduce the thickness 
of the sides, the transmitter and receiver being 
spaced from the sides by adding suitable ribs. 
Other ribs were so placed as to correctly position 
the springs. 


It was also necessary to redesign the transmit- 
ter and receiver caps for thermoplastic molding. 
A glance at the black phenolic caps in the upper 
portion of Figure 10 will show that they have 
some very thick sections. A glance at the injec- 
tion molded caps in the lower portion of the 
photograph will show that the sections are much 
more uniform. 


There is much more to this re-design, how- 
ever, than meets the eye. For example, the re- 
ceiver must seal tightly against the receiver cap. 
The space between the receiver and the cap 
must be carefully regulated, since this serves as 
a resonance chamber to ensure correct response 
at certain frequencies. The thickness of the cap 
at the holes, and the diameter of the holes, must 
be carefully controlled since these holes form 
resonant columns of air which control the re- 
sponse at other frequencies. Likewise, thinning 
the transmitter cap resulted in a change in the 
resonance chamber between the transmitter and 
the cap, and we had to compensate for this. 
(Incidentally, the holes on the cap are so spaced 
and located that “little Johnny” can’t harm the 
transmitter by poking a pencil into the holes.) 


Finally, to further “brighten up” the colored 
Monophones, we designed a new finger plate, 
molded of clear plastic. With its chromium- 
plated escutcheon ring, stainless-steel finger- 
stop, and number plate matching the color of 
the Monophone, the new dial adds much to the 
appearance of the instrument. 





The added manufacturing difficulties involved 
in producing colored Monophones add to their 
cost, but a Type 80 Monophone in full color, 
with its colored cords and transparent finger- 
plate, is a thing of beauty, and well worth the 
additional cost and effort! One of these instru- 
ments is shown on page lI. 


To summarize: considerable thought’ was 
given to the design of each and every component 
of the Monophone. We designed the telephone 
we would prefer to use if we were our Own Cus- 
tomer. Every useful feature was included that it 
was possible to put in a telephone which could be 
sold at a reasonable price. Many of these fea- 
tures, such as the “Walking Handset” the “In- 
staller’s Hook-Lock,” the self-centering dial, the 
ringer assembly with its own condenser mounted 
on the ringer, etc., have never before been avail- 
able on a telephone. 


We also tried to anticipate various “‘special’’ 
requirements for which facilities might be 
needed. For example, space is provided for three 
additional hook-switch springs (a total of 8) 
and for an additional terminal strip required for 
connections in some circuits. Additional space 
provided in the housing has also made it pos- 
sible to add a complete transistor amplifier 
when desired to make a telephone for the hard- 
of-hearing. 


Yet the development of this instrument will 
never be completed; the design of its various 
components is under constant review, and any 
worthwhile improvement we find will be incor- 
porated into it. 
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THE TYPE 45 


As a Numerical 
Single Motion Stepping Switch 
of Large Capacity 








By KURT MULLERHEIM 


Patent Agent, Automatic Electric Company 


1. Introduction 


Since its first appearance shortly after the war, 
the Type 45 rotary switch (see Figure 1) has 
proved its worth as a high-speed switching device 
of extraordinary durability, flexibility, and ease 
of adjustment in a great variety of applications. 
A detailed description of this switch will be 
found in an earlier article.! 


Stated briefly, the Type 45 switch is a 26-point 
rotary switch of the indirect-drive type—i.e., its 
wipers are advanced during release of the arma- 
ture. The Type 45 rotary switch is designed to 
operate self-interrupted at speeds up to 70 to 
75 steps per second, and its bank will accom- 
modate up to 16 levels. As the bank is semi- 
circular, the switch can be arranged to sweep 
over 52 circuits consecutively, by using single- 
ended wipers spaced 180 degrees apart and 
traveling over separate levels, as shown in Fig- 
ure I. In addition to the interrupter springs re- 
quired for self-interrupted operation, “off-nor- 
mal” springs may be provided. 


In the telephone field proper, numerous ap- 
plications come to mind in which this rotary 
stepping switch is giving outstanding service as 
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Figure 1. Type 45 rotary switch with 16 single-ended wipers, 
as used in Navy switchboards. 


a hunting switch—e.g., a line or trunk finder, a 
director hunter, or a sender, cord circuit or link 
finder in manual or automatic toll boards. In 
addition, the Type 45 switch has established a 
lasting place for itself as a numerical switch of 
small or medium capacity. For this new switch- 
ing tool is used not only as a finder but also 
as a connector switch in such modern Auto- 
matic Electric switchboards as the 20 and 40- 
line Type 47 P-A-X’s and Type 48 C-A-X’s.? 


More recently the new rotary switch has made 
its first appearance as a large-capacity numerical 
switch in a 100-line automatic exchange which 
was developed and manufactured by Automatic 
Electric Company for shipboard use on_ behalf 
of the U. S. Navy (see Figure 2). The particular 
exigencies of this application, which involve po- 
tential exposure of the switching equipment to 
violent acceleration forces, called for switch of 
simple and compact design with a largely shock- 
resistant driving mechanism. Thus, the choice 
fell on the Type 45 rotary switch, which is 
mechanically self-locking in any of its positions. 


As this switch can be equipped with up to 16 
levels and with single-ended staggered wipers, 
the accommodation of as many as 100 lines in 














Figure 2. Front and rear views of typical Navy switchboard, using Type 45 rotary switches as finders and connectors. The five 











finder-connector links are shown at the bottom in the rear view. 


the bank of this switch posed no problem in 
itself. From a circuit standpoint, too, it might 
appear at first glance that with a rotary stepping- 
type connector for 20 or 40 lines already avail- 
able, it would be a matter of relatively simple 
circuit expansion to similarly effect the numeri- 
cal selection of any one out of 100 outlets. 
Actually, however, the circuit problem becomes 
considerably more complex as the step is taken 
from 40 to 100 lines. 


In a small P-A-X—for instance, the 20-line 
Type 47A—the call numbers can readily be 
chosen so that the switch is advanced under the 
direct control of the dial (i.e., on a one-step-per- 
impulse basis) directly to the beginning of the 
desired group of bank contacts. A typical num- 
bering scheme in such a case is 3-8, 91-99 and 
901-905—switch positions 9 and 19 being unused 
and serving as waiting positions (1 and 2 are 
also, of course, unused). However, as there is 
obviously a limit to the number of digits that 
may be used in a given call number, this “add- 
ing” principle cannot be employed where, say, 
ten groups of lines are involved. 


Another principle is used in the Type 48 
C-A-X. A given one of a number of marking 





relays is operated at the end of the tens digit, 
and the switch then started on an automatic 
stepping action which positions it adjacent to 
the beginning of the selected group, in readiness 
for the receipt of the units digit. Where there 
are as many as 10 tens groups to be served, how- 
ever, the short interval between the end of the 
tens digit and the beginning of the units digit 
is insufficient to assure that even a high-speed 
single-motion switch, such as the Type 45, will 
always be advanced to a point in the bank 
adjacent to one of the high-numbered groups, 
in time for the second digit. This situation is 
further aggravated in the case of a selector, be- 
cause in that case the switch must have com- 
pleted not only its group-selecting action but 
also its trunk-hunting operation, before the next 
digit arrives. Circuit-wise, then, the problem in- 
volved in using the Type 45 switch for 100 lines 
was primarily that of getting this rotary step- 
ping switch to “skip over’ a considerable num- 
ber of unwanted contacts within the stiff time 
limits imposed by the inter-digital pause. 


In tackling this problem, Automatic Electric 
engineers built upon a series of earlier Auto- 
matic Electric inventions extending back over 
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but similar, problems. The story of the develop- 
ment which led finally to the circuit design 
adopted for the “Navy Board” furnishes a 
striking illustration of how in a modern, well- 
integrated research and development organiza- 
tion the disclosure of an inventive concept by 
one inventor frequently triggers a chain reaction 
of further inventive activity within the organi- 
zation. 


2. The Problem In Perspective. 


A brief outline of past proposals for numeri- 
cally controlling multi-contact, single-motion, 
electro-mechanical stepping switches may be of 
help in placing in proper perspective the de- 
velopment work treated herein. 


2a. Switches with Long and Short Steps. 


One of the earliest proposals involved the pro- 
vision of two different stepping mechanisms. One 
of these moved the switch in long steps of, say, 
ten contact divisions each, to the beginning of 
the desired group; the other then positioned the 
switch in short steps on an individual line within 
this group. A system employing switches of this 
type was commercially used in Europe on a 
limited scale, but today such systems are prob- 
ably of historical interest only. 


2-b. Digit Storage. 


Up to this point it has been tacitly assumed 
herein that the digital impulses from the sub- 
scriber’s calling device are dialed directly into 
the numerical switch. However, there are in ex- 
istence a number of systems in which the time 
problem involved in positioning a large-capacity 
numerical switch of the rotary stepping type has 
been circumvented by the expedient of “digit 
storage”. 


In one form of systems of this kind, the series 
of impulses received from the subscriber’s dial 
are stored in “register” equipment at the call- 
originating point, i.e., the calling office; this 
equipment then re-transmits these impulse series 
(after translation, if necessary) to the numerical 
switches of the various ranks, but with a wider 
spacing between groups, to allow for the “set- 
ting” time required by the individual rotary 
switches. These systems thus employ what 
amounts, in effect, toa ‘“‘delay-in-dialing” method. 
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many years which were developed to solve other, 


In another form of systems of this general class, 
the digit storage takes place at the individual 
switching stages — usually in “marker” switches 
that are associated in common with a number 
of “talking” switches of the rank in question. 
Typical of this kind of system is the “‘bypath” 
system which has been used to a limited extent 
in Great Britain. This system employs two par- 
allel trains of rotary stepping switches—the talk- 
ing train (called the “path”) and a control train 
(called the “bypath’”’) . The switches in the talk- 
ing train are not expected to keep up with the 
digital impulses transmitted from the subscrib- 
er’s dial. Instead, each digit is temporarily stored 
in the bypath equipment of a given stage, and 
the associated talking switch is then allowed to 
set itself at its own pace in accordance with a 
“marking” received from the bypath equipment. 
The completion of the talking train therefore 
lags behind that of the control train and thus 
lags considerably behind the dial. 


2-c. “Marker Chasing” Scheme. 


A notable offshoot of the conventional tech- 
nique of digit storage by means of markers is 
the “Marker Chasing” scheme. A commercially 
successful arrangement of this kind was pro- 
posed by Barnay as far back as 1925 (U. S. Patent 
1,566,474) . In Barnay’s arrangement the bank of 
the marker switch, which is of standard design, 
is connected with a bank of the rotary-type talk- 
ing switch by a number of separate group-mark- 
ing leads, one at the beginning of each group 
of lines or trunks; when the talking switch 
reaches a marking lead that is marked by po- 
tential over the wiper of the marker switch, a 
test relay operates to stop the automatic ad- 
vancement of the talking switch. The feature of 
interest in the Barnay arrangement is that the 
talking switch is started on its automatic rotation 
immediately after the marker switch has taken 
its first step in response to the first dial pulse 
received. As a result, the talking switch executes 
a “follow-up” movement with respect to the 
marker switch during the receipt of the impulse 
series, and is never far behind it. If the talking 
switch is fast, however, it is prevented from 
over-running during this “group-skipping” 
process, by the operation of the aforementioned 
stopping relay in any position of coincidence 
of the two switches. 








At this point it may be noted in passing that 
other patent proposals (e.g., British Patent 
196,990) of the type allowing for concurrent 
automatic advancement of the talking switch 
with an impulse-controlled marker switch were 
made at an early date; in these, the marking of 
the desired group is effected on an “absence-of- 
potential” rather than a “presence-of-potential” 
basis. This makes for a faster stopping action 
since it does not require the operation of a test 
relay for arresting the switch. However, if “ab- 
sence-of-potential’”’ searching is used, provision 
must be made for maintaining potential on the 
marking leads already swept over by the marker 
switch, so as to insure proper group positioning 
of the talking switch even though the latter lags 
behind the marker switch. For this reason it was 
proposed that the marker switches be equipped 
with a trailing or arc-ended wiper; it is probably 
because of the special switch construction re- 
quired by these arrangements that they failed 
to gain commercial acceptance. 


3. Summary of Requirements of New 
Application. 

When Automatic Electric’s circuit designers 
set out on their recent circuit-development work, 
they realized that the weaknesses of the above 
prior arrangements had to be avoided. This 
meant that these designers had to come up with 
a reliable, self-contained, connector or selector 
circuit for an electromagnetic, single-motion 
stepping switch that would meet the following 


- fundamental requirements: 


(1) The circuit was not to require a special 
switch design, nor was resort to be had to the 
conventional expedients of register or marker 
switch control: trunking was to be done along 
straightforward Strowger principles. 


(2) The switch was to execute its group- 
skipping operation, directly to the beginning of 
the desired outlet group, concurrently with the 
receipt of the dial pulses; all delays incident 
to this operation (as would be caused, for ex- 
ample, by the use of interrupter or test relays) 
were to be eliminated. 


(3) To meet the requirements of straightfor- 
ward Strowger trunking, groups of 10 outlets 
each were to be provided; to meet the timing 
requirement, the switch would have to be 


capable of skipping a group, and moving to the 
next one, in the time between two impulses. 
Using the Type 45 switch (which, in a 46-volt 
d.c. self-interrupted circuit steps at a rate of ap- 
proximately 70 steps per second), this require- 
ment would be met with an ample safety margin 
if the switch were not required to make more 
than 5 or 6 steps in skipping a group. At the 
nominal dial speed of 10 impulses per second, 
a stepping speed of only 50 steps per second is 
required to advance the switch wipers 5 steps 
in the time (100 millisecond) corresponding to 
each numerical impulse. 


4. Development Based on Previous Circuits. 


Automatic Electric’s development engineers 
were fortunate in that a circuit meeting the 
above three fundamental requirements had been 
thought up at a much earlier date by a team of 
Automatic’s circuit désigners. This groundwork 
was laid in United States patent 1,903,207 which 
issued to John Wicks, et al, in 1933. The 
circuit arrangement according to this patent 
(which, by way of example, is shown in Figure 
3, as applied to a selector) satisfies the above- 
mentioned basic conditions by the skillful re- 
finement of a group-selecting principle which 
had made sporadic appearances in patent litera- 
ture but had apparently found no commercial 
acceptance prior to that time The group-select- 
ing method used by Wicks is “flip-flop” skipping. 


4-a. Multi-Level Switches with “Flip-Flop” 
Skipping of Two-Level Groups. 


In the “flip-flop” skipping arrangement, ac- 
cording to the Wicks patent, five outlets of each 
group appear in one set of talking and test levels 
of the talking switch, and the five other outlets 
of the same group appear in the corresponding 
switch positions of the other set of levels (see 
Figure 3). The switch also has a group-skipping 
control wiper and bank, GC, which is common 
to both sets of levels. Flip-flop control conductors 
R and S are multipled to alternate sets of five 
contacts in this bank, and during the group- 
selecting operation of the switch (relays B and 
C operated) self-interrupter circuits which re- 
spectively extend over these two control con- 
ductors, the corresponding sets of GC bank 
contacts and the GC wiper to the motor magnet 
MM of the talking switch, are alternately ener- 
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gized at the make-before-break contact of relay 
D. Relays D and E are a pair of pulse-alternating 
relays controlled by the break contact of line 
relay A. Thus relay D changes its condition on 
each release of the impulse relay, and as a 
result the selector switch is advanced from its 
last position to position 1 upon receipt of the 
first dial pulse, then from position 1 all the way 
to position 6 upon receipt of ehe second dial 
pulse, and so on. In this manner the switch is 
stepped (concurrently with the receipt of the 
impulse series) over the positions corresponding 
to non-wanted trunk groups, directly to the first 
or start position, e.g., 6 or 11 or 16, etc., of the 
desired group; at this point energization of 
switch magnet MM is no longer possible because 
of absence of stepping ground. It will be ap- 
preciated that for the same reason the switch 
is prevented from getting ahead of the dial 
pulses at any time, inasmuch as the D-relay does 
not change its condition in the “make” periods 
of the numerical pulses. On the other hand, the 
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Figure 3. Circuit of early selector switch using “flip-flop” skipping of groups on two levels. 


switch may lag to a certain extent behind the 
pulses that make up the digit. 

At the end of the digit, change-over relay C 
releases, to initiate an automatic trunk-hunting 
action in both test levels Cl and C2, under the 
control of relays F and G. This hunting action 
also is of the absence-of-ground searching type. 
If an idle trunk is found, this automatic stepping 
action is arrested and switching relay F oper- 
ates in series with magnet MM (with wiper- 
switching relay G operated or not, as the case 
may be) and the connection is switched through 
to the succeeding switching stage in the usual 
manner. If all trunks in the selected group are 
busy, the switch reaches the position correspond- 
ing to the first two trunks of the following 
group and in this position switch magnet MM is 
permanently energized over a circuit including 
the GC wiper and the second break contact from 
the bottom of relay C. This prevents further 
stepping action, and causes busy tone to be re- 
turned to the calling subscriber. 
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4-b. Multi-Level Switches with “Flip-Flop” 
Skipping of One-Level Groups. 

The next step toward the required circuit 
was made in a proposal which came from 
Automatic’s Belgian affiliate, Automatique Elec- 
trique, S.A., in 1947. This scheme permitted 
straightforward assignment of any one outlet 
group to a single level of the switch—i.e., it 
avoided the splitting-up of each individual 
group as between odd and even levels. Thus it 
eliminated double trunk-hunting when _ the 
switch was used as a selector, and made it 
possible to advance the switch one step on each 
impulse in the units digit, in the usual manner, 
when used as a connector. The speed and re- 
liability of the overall switch operation were 
enhanced, yet no greater speed was required of 
the switch mechanism proper. 


in effect, these improvements are obtained by 
using two consecutive pulses of the group-select- 
ing series for the flip-flop skipping of a given 10- 
po-ition outlet group; alternate pulses of the 





Figure 4. Circuit of later switch with “‘flip-flop’’ skipping of groups on one level. 


(ALL 10 TRUNKS) 


group-selecting digit are absorbed (except that 
wiper switching is made dependent on whether 
this digit is odd or even). An “odd-even” relay 
of modern design is used to effect both the 
group-skipping and wiper-switching operations 
under the control of the dial pulses. 

Referring more specifically to Figure 4 (which 
is a “selector version” of this proposal), the 
switch again has two sets of talking and test 
levels, but in this case all the even groups of 
trunks are assigned to one set, and all the odd 
groups to corresponding positions in the other 
set. Iwo flip-flop conductors, R and S, again 
are multiplied in alternate fashion to contacts in 
the common control bank GC, but this time 
conductor R is connected to the contacts cor- 
responding to the first position of each group, 
and conductor S to the contacts corresponding 
to the last position of each group, while the 
intermediate contacts of all groups are multi- 
plied directly to ground through a make contact 
of change-over relay C. The energizing circuit 
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for control conductor R may be traced from 
ground at break contact oel of “odd-even” relay 
OE, through contacts oe3, ss2, and cl; the ener- 
gizing circuit for contro] conductor S may simi- 
larly be traced from make contact oe2 of the 
OE relay, through contacts bl, ssl and c2. All 
contacts of the OE relay (including contacts oel 
and oe2 which are shown in Figure 4 above its 
winding) are latch-controlled, and accordingly 
change their condition only on de-energization 
of this relay as indicated; the contacts (including 
contact 0oe3) which are shown below the winding 
of the OE relay are actuated as in the case of 
any relay of ordinary design. 


The group-selecting operation of the selector, 
assuming a “4” is dialed, is as follows: 


Relays A and B operate on seizure. Upon the first 
release of line relay A, the OE relay is energized 
through the break contact of A in series with the 
winding of changeover relay C, without effect at this 
time. Upon the reoperation of A at the end of the 
first impulse, the OE relay is de-energized so that 
its upper set of contacts is actuated and the “odd” 
set of switch wipers accordingly connected up. Skip- 
ping-start relay SS operates from ground at contact 
oe2, thereby at ss2 and ssl closing a point in the 
energizing circuits of “flip-flop” conductors R and §, 
respectively. When A releases at the beginning of 
the second impulse, OE is re-energized, again without 
effect. Responsive to the re-operation of A at the end 
of the second pulse, the OE relay is de-energized and 
the upper set of contacts of this relay restored to 
normal, transferring the circuit to the “even” set of 
switch wipers. 


Up to this point, no circuit for switch magnet MM 
has yet been established. Only when oe3 closes inci- 
dent to the third energization of OE upon the third 
release of line relay A, can the following self-inter- 
rupter circuit for magnet MM be closed by way of 
conductor R: ground, contacts oel, oe3, ss2, cl, con- 
ductor R, GC-wiper in position 1, “X” contact of 
relay E, self-interrupter contact, MM, battery. The 
switch is thus stepped to position 2, and in positions 
2 through 9 the self-interrupting action of the switch 
is maintained from ground at the bottom make of C, 
independently of the dial pulses. The switch is thus 
advanced into position 10. 


As soon as OE is de-energized upon re-operation of 
A at the end of the third impulse, ground is removed 
from conductor R at oe3. At the same time the upper 
set of contacts of OE again is actuated so that the 
odd set of wipers is connected up and the following 
interrupter circuit for magnet MM closed via con- 
ductor S (assuming the switch has already reached 
position 10): ground, oe2, bl, ssl, c2, conductor S, 
GC-wiper in position 10, “X” contact of E, self-inter- 
rupter contact, MM, battery. The switch wipers are 
thus advanced into position 11. 


It will be noted that position 11 forms the begin- 
ning of both groups 3 and 4 and that if no further 
impulse were to follow, trunk group 3 would have 
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Figure 5. Circuit with “‘flip-flop”’ circuits energized at impulse- 
relay contacts. 





been selected in view of the actuated condition of 
the upper contact set of OE. However, since in this 
assumed case a fourth impulse is received, OE is re- 
energized at the beginning of this impulse, and when 
relays A and OE are de-energized at the end of this 
last pulse, the upper set of OE contacts are returned 
to normal, to effect the desired transfer from the 
“odd” back to the “even” set of wipers. Group 4 has 
thus been selected. Attention is called to the fact that 
ground from oe2 is maintained on contact 10 of the 
GC bank until the OE relay restores at the termina- 
tion of fourth impulse as just described. It is for this 
reason, and also by reason of the direct-ground strap- 
ping of intermediate GC bank contacts 2-9, that if 
more impulses were to follow, the switch would be 
allowed a time interval equivalent almost to two dial 
pulses (such as 3 and 4) for skipping over a set of 
10 switch positions. 


After the release of change-over relay C, “‘absence- 
of-ground”’-type trunk-hunting in the selected group 
(4) takes place in the usual manner, in this case over 
“even” test wiper CE. When an idle trunk in this 
group is found, the automatic stepping operation of 
the switch is stopped, due to absence of ground, and 
switching relay D is operated in series with motor 
magnet MM, to switch the connection through to the 
next switching stage. If all trunks in the selected 
group are busy the switch reaches position 20, to 
which the last trunk of group 4 is connected, and in 
this position busy relay E is operated from ground by 
way of the GC-wiper and the S-conductor to return 
busy tone to the calling party. 


4-c. Energizing “Flip-Flop” Circuits at Im- 
pulse-Relay Contacts. 


Close upon the heels of the “Antwerp” cit- 
cuit, two new selector circuits were suggested by 
two different members of Automatic Electric’s 
engineering staff in Chicago. An interesting fea- 
ture of the first of these proposals (see Figure 5) 
is that the self-interrupter circuits extending over 
flip-flop leads R and §S to the stepping magnet of 











GRP. 2 GRP 4 GRP 6 


ae \r — oe 
©000000000000000000000000 — — 
! 6 iT 16 2! 





CE 
GRP| GRP 3 GRP 5 


/ OF ae .° om \ 
ececcocoooeceoocoooeooc oooo0c9o 
| co 6 T 16 2! 


! 
coho cobee cobwe sebee sobee 





i 6 21 


GC 
am : 


CHANGE - WIPER 
OVER SWITCHING S 
RLY. RLY. 


Figure 6. The group-staggering principle. 





the selector switch are energized directly at 
contacts of line relay A—again in such a way that 
this talking switch is immediately advanced by 
the dial impulses to the beginning of the de- 
sired group. This eliminates delays in group- 
selection caused by the operate time of the inter- 
mediate flip-flop devices used in the circuits 
previously described. 


As far as the assignment of the trunk groups 
in the switch banks is concerned, this circuit 
follows the precedent of the Wicks patent—..e., 
one half of the trunks of each group appear in 
the upper set of talking and test levels, and the 
other half in the corresponding positions of the 
lower set. However, the wiring of the common 
GC bank differs from that of Wicks in that the 
R lead is multipled to the GC contacts in the 
first position of all groups and the S lead mul- 
tipled to the GC contacts in the last position, 
while all the intermediate GC contacts are 
strapped directly to ground, as shown. 


Assuming for the purposes of illustration that 
the digit dialed into the selector is 2, the group- 
selecting operation of the switch is as follows: 


On the first release of A in response to the first dial 
pulse, MM is operated in multiple with change-over 
relay C, through break contacts of off-normal relay O. 
When the line relay subsequently reoperates at the 
end of this pulse, MM is de-energized so that the 
switch is advanced from its last to its first position 
and relay O operated from off-normal contact O.N. 
On the second release of A, incident to the receipt 
of the second impulse, the following self-interrupter 
circui: is closed for switch magnet MM: ground, break 
conta‘t of A, make contacts of B, C and O, control 
condi tor R, GC wiper in position 1, lower make 


contacts of B and C, self-interrupter contact, MM, 
battery. The switch is thus stepped into position 2, 
and thence (due to the ground--strapping of GC con- 
tacts 2-4) all the way to position 5. Upon the re- 
operation of A at the end of the second dial pulse, 
the following interrupter circuit for magnet MM is 
closed by way of the S lead with the switch in po- 
sition 5): ground, make contact of A, conductor §, 
GC wiper in position 5, lower make contacts of B 
and C, self-interrupter contact, MM, battery. The 
switch is thus stepped into position 6, which accom- 
modates the first two trunks of the desired group (2). 
Upon release of C at the end of the digit, a double 
trunk-hunting operation in this group is initiated in 
a manner not further illustrated in Figure 5. 

Note that because of the direct control of 
flip-flop leads R and S at the contacts of line 
relay A, the switch is stepped off the first posi- 
tion of any group to be skipped at the earliest 
possible moment, viz., immediately upon re- 
lease of the impulse relay. The switch thus has 
ample time to step, at its own pace, over the 
intermediate switch positions. and is then safely 
stepped off the last position (such as 5) of the 
group—provided only that it reaches this posi- 
tion some time prior to the release of relay A at 


the beginning of the next pulse. 


4-d. Group Staggering 

The “Antwerp” circuit (Figure 4) showed one 
way of accommodating all ten outlets of any 
given group on the same level of a multi-level 
switch, and allowing the switch a time interval 
roughly equivalent to two dial pulses for skipping 
any set of 10 switch positions. Figure 6 schemati- 
cally illustrates another strikingly simple arrange- 
ment which reaches a similar result without re- 
quiring absorption of every other pulse of the 
group-selecting digit. This is accomplished by 
merely assigning the individual “odd” groups 
in the “odd” banks of the switch in staggered 
fashion with respect to the corresponding “even” 
groups in the “even” banks—preferably so that 
the ends of the “odd” groups approximately 
coincide with the mid-points of the “even” 
groups, as shown—and by letting the “odd” 
or “even” character of the received digit de- 
cide which of the two sets of wipers is to be 
made effective. This arrangement makes it 
possible to control the “group-skipping’’ move- 
ment of the switch in sets of five steps instead 
of ten, which tends to enhance the uniformity 
of switch movement. Moreover, regardless of 
whether the last digit received is odd or even, 
only five switch positions must be skipped on the 
last restoration of the line relay, whereas in the 
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‘“Atwerp” scheme a final set of 10 switch posi- 
tions must be skipped after the last release of 
the impulse relay, if the last digit is odd. 


4-e. Multiple Use of Circuit Elements 

The selector circuit shown in full in Figure 
7 incorporates a modified version of the impulse 
relay control of Figure 5, and it carries forward 
the group-staggering arrangement of Figure 6 by 
applying it to a switch with “flip-flop” control 
of its self-interrupter circuits. This circuit is 
remarkable for the extent to which multiple use 
is made of relays, and also of switch wipers and 
banks. It includes the following notable features: 


(1) ‘The flip-flop conductors are under the 
control of a break contact of the impulse relay 
and are also under the control of a “lock-pulse”’ 
relay which, in turn, is controlled jointly by 
this break contact and the GC wiper and bank 
of the switch. The result is that the break period 
of the individual dial pulses need only be long 
enough to “cock” the lock-pulse relay. Yet, in 
this circuit, too, over running of the pulses by 
the switch is made impossible. Use of the line- 
relay make contact as a means for controlling the 
group-skipping movement of the switch has been 
eliminated in this circuit. 


(2) By means of a rather interesting flip-flop 
conductor arrangement, the circuit makes it pos- 
sible to use the GC wiper and bank for two 
further control purposes, viz.: 


(a) For the control of the wiper-switching 
relay at the end of the digit, as required 
by the group-staggering principle—i.e., de- 
pending on whether the value of the digit 
was odd or even. 


(b) For limiting the extent of the trunk-hunt- 
ing movement to the selected group with- 
out resort to separate overflow positions 
—and this in spite of the fact that the odd 
and even groups overlap each other in 
the bank of the switch. 


This circuit utilizes a total of four flip-flop 
leads, here designated RO, SO and RE, SE. 
Generally speaking, lead RO is multipled to the 
GC bank contacts in the first four, and lead SO 
in the fifth, position of odd groups, while lead 
RE is multipled to the GC-contacts in the first 
four, and lead SE in the fifth, position of even 
groups. During the group-skipping movement 
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of the switch—i.e., during the receipt of the divit 
—the two R leads, RO and RE, are coupled to- 
gether at make contact c2 of the change-over 
relay, and the two S leads, SO and SE, likewise 
are coupled together, by way of break contacts 
ws3, t4 and t6. In this manner the switch is 
flip-flop controlled in sets of five switch positions 
each, corresponding to the spacing of the start 
positions of consecutive groups such as | and 2, 
2 and 3, 3 and 4, etc., in the switch bank as a 
whole. 


At the end of the digit, change-over relay C 
releases, thereby at c2 separating the RE from 
the RO conductor; if the digit dialed was odd, 
“transfer” relay T alone operates over the GC- 
wiper and the RO conductor; if the digit was 
even, ‘““wiper-switching relay’ WS operates over 
the GC wiper and the RE conductor, in turn 
operating T at ws5. Consequently, the coupling 
between the flip-flop leads is now rearranged as 
follows: 


(a) If the digit was odd, T alone is operated 
and conductors RO, SO and RE are 
coupled together via ws3, t5 and t9, while 
SE is left dead. 


(b) If the digit was even, both WS and T are 
operated and conductors RE, SE and RO 
are coupled together by way of t5, ws4 and 
t9, while SO is left dead. 


During trunk-hunting the arrangement is 
such that the self-interrupter circuit for the 
switch magnet extends over the selected test 
bank and wiper and the GC bank and wiper in 
series. Therefore, if all trunks in a selected odd 
group are busy, the switch is automatically ar- 
rested in the 10th position of the group in 
which the GC wiper engages the open SE con- 
ductor; if all trunks in a selected even group are 
busy, the switch again is stopped in the 10th 
position of this group, because in this position 
the GC wiper engages the open SO lead. 


Restricted service is provided in a_ simple 
manner by means of a separate control wiper 
and bank SC, which is also used for overflow 
metering. Ground for the above-described opera- 
tion of relay T or WS is derived from the in- 
coming EC lead, which is connected to the SC 
wiper through a rectifier and contact c6. There- 
fore, if no ground is encountered by the SC 
wiper at the end of the digit as an indication 
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Figure 7. 








that the selected group (say inter-office trunk 
group ‘‘0’’) is a restricted group, and if, further- 
more, ground is not connected to the originating 
end of the EC lead as an indication that the 
calling party is not privileged to make such calls, 
then there is no ground available for the opera- 
tion of relay T or WS. Under this condition no 
further automatic stepping action of the switch 
takes place, and busy tone is returned to the 
calling party by way of break contacts of T and 


Before some of the more important circuits 
involved in the operation of this selector are 
traced in detail it should be mentioned that in 
the arrangement of the Type 45 rotary switch 
underlying this circuit the wipers, 16 in number, 
are single-ended and connected together in 
pairs, the wipers of each pair being staggered 
180° relative to each other, in the conventional 
manner. In order to more clearly illustrate the 
assignment of the various groups in the switch 
banks, the wiper-staggering arrangement has 
been brought out in this schematic straight-line 
presentation by showing the two wipers of each 
pair vertically in alignment but showing the two 
levels of bank contacts associated with these 
wipers horizontally displaced by 26 steps with 
respect to each other; in reality, of course, all 
levels are mutually aligned. 


It will further be noted that an extra pair of 
trunks is shown connected, both in the 26th and 
in the 52nd position of the switch. This is made 
possible by the design of the Type 45 switch, 
which provides an additional complete set of 
bank contacts in these positions—i.e., at a point 
diametrically opposite the location of the wiper 
collector springs. It thus became possible to 
equip groups 9 and 10 with twelve instead of 
ten trunks each, as shown. Moreover, due to the 
fact that each of these groups “spills over” to the 
beginning of the contact bank, absorption of the 
first dial pulse is not required from the stand- 
point of group selection; in response to this first 
impulse the switch merely skips the correspond- 
ing positions of groups 9 and 10 and at the end 
of this impulse is thus positioned at the beginning 
of group |. In this respect the present selector 
circuit, in part, follows the precedent of the 
actual circuit which was partly shown in Figure 
5. 

The operation of the selector (Figure 7) will 
become clearer from the following description, in 
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which some of the key circuits of this switch are 
traced in full: 


Relays A, B and C operate on seizure. Assume a 
“2” is dialed into this circuit. Upon the first release 
of A, relay LP operates from ground at c3 by way 
of al and its lower winding, and MM is operated 
in the following self-interrupter circuit: ground, c3, 
thence over al and I p4 (or, subsequent to the opera- 
tion of LP, directly over 1p3), and via t8, RE lead, 
GC wiper in normal position 52, bl, int, MM, battery. 
The switch steps to position 1. After the operation of 
the O. N. springs, C is held in parallel with MM, 
over t2 and its upper winding. LP also locks in par- 
allel with MM, via Ipl. These two locking circuits, 
as well as the self-interrupter circuit, are maintained 
in switch positions 1-3 so that the switch is automat- 
ically stepped into position 4 regardless of whether or 
not A reoperates in the meantime. LP releases when 
the circuit of its lower winding is opened at al upon 
the reoperation of A and when, in addition, the cir- 
cuit of its upper winding is broken incident to the 
switch stepping off position 3. With LP released the 
switch is advanced from position 4 to 5, through the 
following self-interrupter circuit: ground, c3, 1p2, t6, 
SE lead, GC wiper in position 4, bl, int, MM, bat- 
tery. Since, during the receipt of the digit, lead RO 
is coupled to RE and lead SO to SE, the switch is 
in a similar manner advanced, in response to the 
second impulse, from position 5 to 9 and then from 
9 to 10, which is the first position of the desired 
group 2. 


At the end of the digit, C releases, disconnecting 
the RO and RE leads from each other at c2. Due to 
the fact that the digit dialed is even and that the 
GC wiper accordingly engages the RE lead, the fol- 
lowing circuit is closed for wiper-switching relay WS 
(provided the call is not subject to restriction) : 


Ground on EC, tl, dl, wsl, cl, d2, b2, c4, upper wind- 
ing of WS, RE lead, GC wiper in position 10, bl, int, 
MM, battery. WS, only, operates in this circuit, among 
other operations substituting the even for the odd 
set of wipers and operating T at ws5. Both WS and 
LP lock over their lower windings. T short-circuits 
the operating windings of T and WS at t10 and t9; 
couples leads RE, SE and RO together via t5, 
ws4 and t9; and at tll connects the right-hand wind- 
ing of switching relay D to the trunk-hunting circuit. 
This latter circuit may now be traced as follows: 
ground on the test lead of the first trunk in selected 
group 2 if this trunk is busy, even test wiper CE in 
position 10, ws2, cl, d2, b2, c4, tl0, t9, RE lead, GC 
wiper in position 10, bl, int, MM, battery. LP oper- 
ates in parallel with MM, via t3 and its upper wind- 
ing, to supervise the trunk-hunting action of the 
switch. The switch thus steps into position 11, and 
this automatic stepping action as well as the last- 
mentioned circuit of relay LP are maintained in po- 
sitions 11-13 by way of lead RE, in position 14 by 
way of lead SE and in positions 15-18 by way of lead 
RO, until an idle trunk in group 2 is found. As soon 
as this is the case, absence of ground on the corre- 
sponding test lead causes LP to be released, the ad- 
vancement of the switch to be stopped and the 
short-circuit around the winding of switching relay 
D to be removed. Accordingly D operates in series 
with MM from ground at the top make of B, thereby 
switching the connection through in the usual manner 
and permitting A, B and T to release. 








If all trunks in the selected group are busy, the 
self-interrupter circuit of MM and the circuit of LP 
are broken (due to the GC wiper in position 19 en- 
gaging open lead SO), and upon release of LP, relay 
C reoperates over the following circuit: ground on 
the test lead of the last trunk of group 2, test wiper 
CE in position 19, ws2, cl, d2, b2, Ip2, t7, upper 
winding of C, battery. C locks at the make of its 
make-before-break contact to ground at c3, and at its 
top make contact connects busy tone to the calling 
end. Upon release of the switch train by the calling 
party, the overflow meter of group 2 is momentarily 
operated, during the release of C subsequent to that 
of B, over the following circuit: ground, c3, b3, c5, 
SC wiper in position 19, O.F. meter (not shown) of 
group 2, battery. 


5. The Navy P-A-X Circuit 


The circuit proposals discussed in the pre- 
ceding sections set the stage for the circuit 
shown in Figure 8, which illustrates the basic 
elements of the party-line connector for the Navy 
P-A-X, as far as these elements have a bearing 
on the subject matter of this article. (The con- 
nector circuit actually used in this board pro- 
vides for certain additional services not illustrat- 
ed in Figure 8, which were later worked into the 
circuit to meet specific requirements of this 
installation. The inclusion of these special 
services necessitated the provision of two ad- 
ditional wipers so that the connector switch 
actually employed has a total of 16 wipers as 
shown in Figure | instead of only 14 wipers as 
indicated in Figure 8.) 


This circuit employs group staggering in 
conjunction with a further modified version of 
impulse relay control of flip-flop circuits. The 
following are its outstanding features: 


(1) The connector uses the wiper and bank, 
A3, of an auxiliary rotary switch of miniature 
type for purposes of party selection. Another 
wiper and bank, A2, of this station selector 
switch is used for switching the circuit from one 
wiper set to the other, depending on the odd 
or even character of the digit dialed, thereby to 
facilitate group staggering; because of the ready 
availability of the station selector switch, a fur- 
ther wiper and bank, al, of this switch is used as 
an auxiliary switching element for insuring al- 
ternate energization of the two flip-flop con- 
ductors, R and S, during the receipt of the group- 
selecting (i.e., the “‘tens’) digit. This station 
selector is a Type 44 11-position stepping switch 
with indirect drive, which requires no more 
mounting space than a single telephone-type 


relay as shown in Figure 9. ‘The stepping magnet 
of this switch is designated MM44 in Figure 8.8 


(2) ‘The connector switch itself is a Type 45 
rotary switch having a stepping magnet MM45. 
For the tens positioning of this switch two flip- 
flop conductors R, S are provided. One of these 
two conductors, R, is multipled to the GC bank 
contacts of this switch, corresponding to the start 
positions of all odd tens groups of lines with the 
exception of the first, while the other conductor, 
S, is multipled to the GC bank contacts cor- 
responding to the start positions of all even tens 
groups of lines except the last (Note: “Start” 
position, in this case, means the position im- 
mediately ahead of that accommodating the first 
subscriber’s line of the group in question) . The 
intermediate contacts of the GC bank are 
strapped to ground at st6. 


Both flip-flop conductors are controlled di- 
rectly at a break contact, al, of impulse relay A, 
and during the receipt of the tens digit this break 
contact is alternately switched from one to the 
other conductor under the control of the Type 
44 switch, with the result that conductor R is 
energized on even impulses, and conductor S on 
odd impulses, of this digit. This stepping magnet 
of the Type 44 switch also is controlled at the 
same contact al. However, since this switch is 
stepped only upon release of its magnet, no time 
delay is introduced on account of the inclusion 
of the al wiper and bank of this switch in the 
flip-flop circuits; in fact, since the advancement 
of the Type 45 switch over the above-mentioned 
intermediate positions takes place independently 
of the dial pulses, this latter switch is allowed a 
time interval roughly corresponding to two break 
periods plus one make period of the dial pulses 
for skipping any set of five positions. Thus, 
proper tens positioning of the Type 45 switch 
is insured even though this switch should lag, 
due to any accidental cause whatever, behind a 
given dial pulse. In case the switch is faster than 
the dial, over-running of this switch is prevented 
as it was in all the preceding circuits described 
above. 

(3) In the present connector circuit the first 
group of lines is accommodated at the very be- 
ginning of the switch bank; this is made possible 
by the provision of a “first-puise-absorbing”’ re- 
lay FA. The arrangement is such that when the 
connection is abandoned after the dialing of the 
station digit (which is the first digit dialed into 
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this connector), the circuit is released without Station digit 9 
either the Type 44 or the Type 45 switch being On each release of A during this digit, motor mag- 


stepped off normal. Thus, unnecessary homing net MM4¢4 of the station-selector switch is energized 

; : in multiple with “digit supervisory” relay DS, over 
operations of these switches are avoided. the following circuit: ground, al, b3, st4, st3, ftl, 
MM44, battery. Upon the release of DS at the end 


In the following description of the operation of the digit, “side-of-line switching” relay SL and 


of this connector, those circuits that are believed “first transfer” relay FT operate in series through: 
to be of particular interest will be traced in full: ground, st5, ds3, fa7, ft5, wiper A3 in position 9, 
lower winding of FT, winding of SL, battery. Both 

Relays A and B operate on seizure. Let it be as- these relays lock. SL, by the actuation of its break- 
sumed that the call is directed to the subscriber with make contacts, prepares for transmission of ringing 
the directory number 934. current over the negative side of the called line, 
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whereby one of the two parties connected to this line 
is selected in the usual manner. (If the station digit 
had been 0 instead of 9, relay FT only would have 
been operated, and due to the non-operation of 
SL, ringing current would later have been connected 
to the positive side of the line—ie., the other party 
would have been selected) . Upon the operation of FT 
the station selector switch is automatically homed by 
way of ft4, O.N. 44 and int. 44. 


Tens digit 3 


Upon the first release of A, the first-pulse-absorbing 
relay FA is operated to its first step, in multiple with 


int.45 


Figure 8. Connector circuit combining group-staggering and 


DS, through: ground, al, b3, st4, st3, ft2, fa2, lower 
winding of FA, battery. When A, reoperating, re- 
moves the short-circuit across the upper winding of 
FA, this relay operates to its second step through: 
ground, b2, usl, x contact of FA, both windings of 
FA in series, battery. This prepares the stepping 
circuit for both switches. Thus, when A releases at 
the beginning of the second tens pulse, the following 
self-interrupter circuit is closed for the main switch 
magnet: ground, al, b3, fa5 or st4, st3, ft2, fa3, fad, 
GC wiper in position 52, int. 45, MM45, battery. 
Simultaneously, the magnet of the Type 44 switch 
is energized over another branch of this circuit which 
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impulse-relay control of ‘flip-flop’ circuits. 








does not include self-interrupter contact int. 44. Due 
to GC-bank contacts 1-4 being directly strapped to 
ground at st6, the main switch moves all the way into 
position 5, the start position for group 2. 


Upon the re-operation of A at the end of the second 
pulse, MM44 is de-energized and the Type 44 switch 
moved into position 1, where flip-flop conductor S$ 
is connected up over the Al wiper. Consequently, 
when A restores at the beginning of the third pulse, 
another self-interrupter circuit is completed for the 
magnet of the Type 45 switch through ground, al, 











Figure 9. The Type 44 switch mounts in space of one relay, 
in link equipment. 





b3, fa5 or st4, st3, ft2, fa3, stl, ft3, Al wiper in po- 
sition 1, S lead, GC wiper in position 5, int. 45, 
MM45, battery. Because of the direct ground con- 
nection of GC contacts 6-9, the main switch auto- 
matically steps all the way into position 10, the 
start position for group 3. In any event, the Al 
wiper of the Type 44 switch does not switch from 
the S lead to the R lead, preparatory to further pulses 
(if any) of this digit, until MM44 is de-energized 
upon the reoperation of A. It will be appreciated 
that if a further pulse were to follow, the Type 45 
switch would still be “kicked off” position 10, pro- 
vided only that relay A dies not reoperate at the end 
of such a fourth impulse, before the switch has 
reached this position. This provides a considerable 
safety margin if the switch should temporarily lag 
appreciably behind the dial. At the end of the tens 
digit (3, in the case assumed) DS releases, causing 
the operation of the “second transfer” relay ST in 
the following circuit: ground, st5, ds3, fa6, ST, bat- 
tery. ST locks, closes a point in the circuit of wiper- 
switching relay, WS, and prepares the units stepping 
circuit for the Type 45 switch. 
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Since in the case we are describing the tens digit 
3, is an odd digit, wiper-switching relay WS canno: 
operate, as wiper A2 engages a dead contact, 2, of it: 
bank at the end of the digit. Accordingly the “odd’ 
set of talking and test wipers remains connected up 
so that the switch is now in condition to be dialed 
to any of the ten lines of group 3, in response to the 
receipt of the units digit as described hereafter. Had 
the tens digit been even (e.g., 2), the A2 wiper 
would engage a grounded contact, and WS would 
operate and lock to connect up the “even” set of 
wipers instead; the Type 45 switch would be in 
position 5 at the end of the digit and would thus be 
ready to be positioned on any desired line of group 
2 in response to the units digit. 


Units digit 4: 


The units digit, 4, is dialed directly into the magnet 
of the Type 45 switch on a one-step-per-impulse basis, 
over the following circuit: ground, al, b3, fa5, st2, 
winding of “units supervisory” relay US, MM45, bat- 
tery. Both DS and US operate during the digit, and 
FA is permitted to restore at us]. At the end of the 
digit, the connector switch is in position 14, corre- 
sponding to the 4th line of tens group 3. Relays DS 
and US restore. 


If the called line is idle, switching relay H operates 
in the following circuit: ground, b2, gl, lower wind- 
ing of H, dsl, bl, fal, break contact of WS, test wiper 
CO in position 14, winding of line-cut-off relay (not 
shown), battery. The switching relay locks and com- 
pletes the ringing circuit as usual. When the called 
party answers, ring-cut-off relay F and_ back-bridge 
relay D operate in the conventional manner, and con- 
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versation between the calling and called parties may 
begin. On the other hand, if the called line is busy, 
busy relay G operates over ds2 and its upper winding, 
locks upon the release of DS and returns busy tone 
to the calling party. 


Should the caller abandon the call after dialing the 
station digit, the release of A at that time would let 
FA operate its “X” contact. However, since B subse- 
quently releases also, FA cannot operate to its second 
step but restores instead. Thus neither of the two 
switches is moved off its normal position in response 
to this opening of the calling loop. 
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Service In Primary=Secondary Arrangemenis 


By IMRE MOLNAR 


Senior Project Engineer, Automatic Electric Company 


Switching channels of maximum efficiency are 
provided by “full availability” arrangements, 
whereby every traffic source in a group can reach 
directly every trunk channel in the group with- 
out restriction. For instance, if in a certain 
situation one hundred trunks are provided, with- 
out the possibility of alternate routes, maximum 
efficiency (that is, maximum amount of traffic- 
carrying potentiality at a specified grade of 
service) will be obtained if switches having one 
hundred trunk outlets are employed. But 
economic considerations may not permit the use 
of switches with so many outlets; other arrange- 
ments are then sought, to approach as nearly as 
possible the maximum efficiency. 


Primary-secondary trunking is the most ef- 
fective of these alternative methods. Here our 
one hundred trunks are connected to, say, four 
groups of secondary switches having twenty-five 
outlets each. The traffic sources are divided into 
separate groups of primary switches having, say, 
ten outlets each, and the ten outlets of each 
primary group are subgrouped in such a fashion 
that, so far as possible, some secondary switches 
in every secondary group can be reached. There 
are further refinements of this simple funda- 
mental arrangement. 


These methods do not, of course, attain the 
efficiency of “full availability” arrangements; in 
considering their use the problem is to determine 
either the amount by which the traffic-carrying 
capacity is reduced, or the degree of debasement 
in the grade of service—or, conversely, the in- 
crease in the number of trunks which is needed 
to carry the same traffic at the same grade of 
service as with full availability. 


Survey of Previous Studies 


Several authors have investigated this problem, 
though the number of published papers is rela- 
tively small, considering its practical importance. 
The amount of observational material is even 
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less; in fact I know of only one set of available 
data, and that is of rather limited scope and dates 
back about 35 years. 


M. Milon! and later C. McHenry? published 
a theory that the probability of congestion in 
primary-secondary arrangements was derived 
from the probability for congestion of one, or 
several, or all secondary groups. This probability 
was based on the Poisson probability of con- 
gestion in a secondary group, and then inserted 
in the binomial formula. Since the probabilities 
of congestion in different secondary groups are 
not independent from each other, application of 
this theory obviously could not give correct 
results. 


Dumjohn and Martin® made a series of meas- 
urements with artificial loading in a 2000-line 
central office having twenty groups of ten-outlet 
primary switches and ten groups of twenty, ten- 
outlet secondary switches. 


Lubberger in 1924 developed two sets of 
equations, using a combinatorial approach to 
determine the secondary group congestion. ‘There 
was a considerable discrepancy between his re- 
sults and those derived from the Dumjohn and 
Martin data. 


In a series of articles*, Jakob Baltzer made an 
exhaustive study of the mathematics of primary- 
secondary distribution, and his work is to date 
the most rigorous approach to the problem. His 
fundamental approach is similar to Lubberger’s; 
however, starting out with the Poisson proba- 
bilities of full occupancy of a secondary group 
he establishes expressions of the states of oc- 
cupancy for all combinations of free and occu- 
pied secondary groups. From this he calculates, 
by combinatorial methods, the probabilities of 
varying numbers of outlets in the different 
primary groups being unavailable to accept tral- 
fic, followed by the probabilities for the state of 
congestion in a primary group due to certain 
outlets being unavailable as above and the re- 
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maining ones occupied by traffic. Finally, the 
total congestion is obtained by summation over 
all these states. His approach and formulation 
appear to be sound, and the numerical evalua- 
tions come reasonably close to the Dumjohn and 
Martin data. An excellent review of Baltzer’s 
theory was prepared by H. T. W. Millar’. 


Max Langer, in various publications, discussed 
qualitatively several primary-secondary arrange- 
ments, but without supporting analytical or 
statistical data. In contrast to other authors, his 
conclusions are that primary-secondary arrange- 
ments, if they are carefully laid out to distribute 
traffic evenly among all secondary groups, are 
practically indistinguishable from full avail- 
ability and that any debasement in the grade of 
service is negligible. There are many situations 
where, no doubt, Langer’s conclusions are cor- 
rect, but there are many others where they are 
not; and without specifying the degree of toler- 
ance there is no guidance as to what might be 
considered “negligible”. 


A further study of the problem was made by 
C. D. Crommelin®. 


K. Lundkvist used an interesting approach to 
calculate the congestion in a primary-secondary 
crossbar arrangement with a single outlet from 
each secondary switch, to each of a plurality of 
trunk groups’. By assuming random distribu- 
tion of traffic over free connecting links and 
certain other independencies, he derives the 
various states of occupancies and congestions 
from the number of free and occupied links and 
trunks on the primary and secondary switches. 
The transition between the states is governed 
by the hypothesis of statistical equilibrium, and 
by the upper limit to the number of simultane- 
ous occupancies. The probability of loss is ob- 
tained by summation of the probabilities of 
congestion during the various states of occu- 
pancies. ‘The numerical computation requires 
the use of graphical methods and a series of 
successive approximations. 


Lundkvist’s work is a refinement under specific 
conditions of an earlier, more general, study by 
C. Jacobeaus® of a variety of congestion problems 
with primary-secondary crossbar switches. 


Jacobeaus subsequently® published a_ very 
€xiaustive mathematical study and experimental 
an.ilysis of primary-secondary crossbar switching 


with a large variety of arrangements, in an at- 
tempt to arrive at a general theory of primary- 
secondary trunking. His work includes a study of 
an arrangement similar to the one treated by 
Dumjohn and Martin. 


Different Approach 

It is interesting to observe that, in spite of its 
inherent soundness, unfortunately no use has 
been made in over twenty-five years of Baltzer’s 
work as a foundation for engineering tables for 
primary-secondary distributions, nor, so far as 
I know, have any attempts been made to verify 
it experimentally. The reason for this may be 
found in the extensive computations necessary 
to its evaluation (although the algebra is straight- 
forward, and there are no other difficulties) . The 
fact that there are several errors in Baltzer’s 
calculations, in spite of the meticulous accuracy 
of his mathematical derivations, is prima facie 
evidence of the danger of obtaining incorrect 
results because of the large amount of computa- 
tions necessary. Furthermore, the smallest change 
in the parameters requires an entirely new set 
of computations, so tabulations would be ap- 
plicable only to some definite trunking arrange- 
ment, which would also make experimental veri- 
fication more difficult. 


It is known that the efficiency of the 
primary-secondary arrangements which we are 
considering closely approaches that of “full 
availability” arrangements; therefore refinements 
towards greater exactness might seem to have 
only theoretical interest. The engineering tables 


_now in use are based on very coarse approxi- 


mations and, as a safety factor, specify 5% more 
trunks than required With full availability for 


the same amount of traffic and grade of service,.. 


(Example—Table 3 in Automatic Electric Bul- 
letin 485). It is known that this allowance is on 
the generous side, and assures satisfactory serv- 
ice, so it is understandable that there has been 
little incentive to explore further refinements. 
Within recent years, however, primary-secondary 
arrangements have been increasingly employed 
in automatic toll switching, where even one or 
two percent saving in toll circuits is a worth- 
while accomplishment, so there now appears to 
be some justification for re-opening the primary- 
secondary problem. 


A further reason why Baltzer’s work has not 
been followed up may be the manner in which 
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the actual switching process, and the relative 
effects of the various physical components on 
efficiency, were obscured in his equations. In or- 
der for a mathematical formula to become popu- 
lar for engineering applications, its elements 
should easily be separable, and associable with 
the physical processes, so that once a set of 
values has been computed, new sets may be 
extrapolated for modest variations of the phys- 
ical arrangement, and the effect of such varia- 
tions on the accuracy of the new values can be 
appraised by ordinary engineering judgment. 

In the following we shall try a less sophis- 
ticated approach than Baltzer’s to the primary- 
secondary distribution problem. Though a fair 
amount of computation is still required, it is 
considerably reduced as compared with previous 
formulas; furthermore, the numerical values are 
readily available from probability tables. Our 
result will merely confirm that the efficiency of 
primary-secondary distributions analyzed in 
this study closely approaches full availability; 
that, as a rule, less than 5% allowance in trunk 
quantities would be sufficient; and that varia- 
tions in the arrangement (within reasonable 
limits) have only “second order” effects, so that 
5% allowance appears to be safe for almost all 
applications. Nevertheless, we will have ac- 
complished several worthwhile results: first, we 
clarify the events which take place in a primary- 
secondary process; second, we are reassured that 
our present method of computing is sound and 
safe; third, we have found that occasionally a 
primary-secondary distribution can be _ substi- 
tuted for full availability, with just a nominal 
amount of trunk adjustment; fourth, we are 
enabled to compute fairly easily, and with 
sufficient accuracy, specific primary-secondary 
arrangements where engineering judgment does 
not appear to be adequate; and finally, we can 
appraise primary-secondary arrangements for 
which a more refined analysis would not be 
warranted or cannot be carried out with our 
present mathematical ‘warehouse”’. 


Assumptions 


In the following discussion we are assuming 
that the probability of simultaneous occupancies 
follows Poisson’s distributions, with the usual 
underlying hypotheses of such distributions, viz.. 
Statistical equilibrium, random incidence of 
calls from an unlimited number of sources, and 
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that attempts made during congestion are held 
with the same holding time as successful calls, 
(This last hypothesis may appear to need some 
justification; however, calis which, for instance, 
find a secondary group congested will be auto- 
matically routed through another secondary 
group, and therefore while the attempted call is 
lost as far as the first secondary group is con- 
cerned, it will not disappear, but in most cases 
will be completed through another group. Only 
when there is total congestion and an attempted 
call cannot be completed could the assumption 
be questionable; however, the probability of 
total congestion is small in all cases of practical 
interest, and then the different distribution 
formulas give very nearly the same probabilities 
for such congestions.) 


During the main part of our investigation we 
are further assuming that: (1) the primary 
switches are divided into separate groups, and 
each outlet from a primary group is exclusively 
connected to a_ secondary switch; (2) the 
secondary switches are divided into separate 
groups, and each outlet from a secondary group 
is exclusively connected to an outgoing trunk; 
(3) each primary group has the same number 
of outlets connected to every secondary group, 
and the incoming traffic is equally divided 
among the primary groups; (4) that the out- 
going traffic from a primary group is equally 
divided among its sub-groups of outlets con- 
nected to the various secondary groups, and 
therefore, all secondary groups are equally 
loaded. This means that trunk selection of 
primary switches takes place at random. Where 
the mechanics of selection does not permit this, 
we are assuming that at least the interconnec- 
tions between primaries and secondaries are 
arranged in such a manner that equal loading 
of the secondary groups is assured, and that, as 
will be derived from our discussion, the proba- 
bility of congestion of primary groups will be 
correct in the average over all primary groups. 
Where the subgroups of primary outlets can- 
not, because of physical conditions, contain an 
equal number of outlets, the calculations may 
be carried out with a fractional number of 
outlets by interpolation, with the assumption 
that the result derived by averaging will be 
maintained over all primary groups. 


Preliminary Considerations 


In telephone switching problems it is cus- 

















tomary to consider each switching rank by itself, 
independently from preceding or succeeding 
ranks. This approach leads to simple results, 
because the conditions occurring during con- 
gestion are calculable without regard to condi- 
tions occurring simultaneously in other ranks. 
As a rule, the total losses of a system may be 
obtained by summation of the losses occurring 
in the various ranks, independently of each other. 


The same approach has also customarily been 
followed in primary-secondary trunking—and in 
some complex arrangements it is perhaps the 
only feasible way to obtain practical results. 
The losses in the primary rank can be computed 
from the traffic carried by a primary group and 
the number of its outlets, and similarly for the 
secondary rank. However, because of the inter- 
connections between the various primary groups 
and various secondary groups, the congestions 
in the two ranks are not independent of one 
another, and two adjustments must be made to 
the above simple approach: 


First, if all outlets of a secondary group are 
occupied, the secondary switches in that group 
which are not in use (and therefore the primary 
outlets connected to such secondary switches) 
are unavailable; therefore during such periods 
the availability of primary outlets is reduced, 
and congestion increased. 


Second, when all outlets of a secondary group 
are occupied, the remaining secondary switches 
are blocked at the primary outlets, as just ex- 
plained, and subsequent traffic will be diverted 
to other secondary groups, as long as such are 
available. ‘Therefore, considering the secondary 
rank alone, there is no congestion until all 
secondary outlets in all secondary groups are 
occupied. These interdependencies between the 
two ranks make the determination of congestion 
quite complicated. 


A more realistic view is to consider the whole 
primary-secondary arrangement as a single rank, 
with a single state of congestion, occurring at 
the primary stage. The circuit arrangement is 
almost always such that when all secondary 
outlets of a secondary group are occupied the 
unavailable primary outlets are automatically 
busied and the incoming traffic will auto- 
matically select a secondary group which has 
available outlets. Therefore, when a _ primary 
outect is found there is also an assurance 


(barring simultaneous seizures of the same 
trunk) that the call will be switched to an 
available secondary trunk. 


Congestion in the system can occur only 
when a primary group has no usable outlets 
because some are carrying traffic while the 
remaining ones have no free secondary outlets. 
This is obvious in systems where the secondary 
switches are pre-selecting and always stand on 
an idle secondary trunk (unless all their outlets 
are busy, in which case all input leads are made 
busy at the primary bank) . In such systems, when 
a primary outlet is seized the call is immediately 
extended to the secondary trunk. This is 
equally true in systems where the secondary 
switch starts to hunt for an outlet only upon 
its seizure, if we disregard the possibility that 
the last free trunk may become occupied from 
another switch during such hunting. 


Computations for a Single Secondary Group 


Let us consider a case where the bank of a 
primary switch has as many outlets as there are 
trunks available on the secondary bank. In this 
case we have only one primary group and one 
secondary group. (There is, of course, no sense in 
providing secondary switches in such case, since 
all trunks could be made available from the 
primary bank outlets directly, but it will serve to 
illustrate our point.) We now have full avail- 
ability, and the congestion will be exactly the 
“full availability” congestion for the total traf- 
fic with the number of trunks provided. If we 
now reduce the number of outlets from the 
primary bank, and divide the primary switches 
into several groups according to some formula, 
but retain the same number of secondary trunks 
as before, there will be a loss added to the “full 
availability” loss, whenever all outlets of a 
primary group are occupied while there are still 
secondary outlets available. Thus ‘full avail- 
ability” efficiency cannot be obtained with 
primary-secondary trunking, except in the above 
redundant case. 


A single secondary group is often used in toll 
switching whenever the number of trunks ap- 
preciably exceeds the number of outlets from 


the primary switch and the trunk cost justifies ~ 


the cost of secondary switching. For instance, 
if there are ten outlets on a primary switch, and 
twenty-five outlets on the secondary switches, 
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we may provide a secondary group whenever 
the number of trunks is twenty-five or less, but 
exceeds ten by a number whose value is depend- 
ent on the relative costs. In this case, if we 
designate the “full availability” congestion with 
x trunks for traffic y as p(y,x), the total loss 
with 25 trunks will be: 


p(y,19)+-p(¥,25) (1—p(y,10)) , 


where Y is the total traffic carried, and y the 
total traffic divided by the number of primary 
groups. Usually p(Y,25) is small — _ perhaps 
0.01 or 0.03—and p(y,10) is still smaller — 
usually 0.001. Therefore, for all practical pur- 
poses, the total loss will be the sum of “full 
availability” loss and the actual loss of the 
primary stage —i.e., 0.011 or 0.031. As can be 
seen, the increase over the “full availability” 
loss is only nominal; only in exceptional bor- 
derline cases could it justify an increase of 
trunks over the number which would be speci- 
fied with full availability. 


Computations for Several Secondary Groups 


The above example represented a very simple 
case as an introduction to a more general in- 
vestigation. To make our discussion more tan- 
gible, let us assume that we wish to load a group 
of N=100 trunks with Y=74 erlangs (TU) of 
traffic at a grade of service P=0.010648. (In 
this we have already anticipated a 5% trunk 
adjustment, since with a full availability ar- 
rangement only 95 trunks would be required.) 


To obtain this efficiency, we are dividing our 
N=100 trunks into K—4 groups of 25 each, 
and connect them to the banks of K=4 second- 
ary groups, having 25 outlets each. Our incoming 
traffic, which is Y=74 TU (plus a small amount 
lost due to congestion, which we disregard in 
our analysis), is fed through k groups of n—10 
outlet primary switches. (The number of pri- 
mary switches is irrelevant to our discussion, 
but to conform with our fundamental assump- 
tions let us assume that it is a very large —say 
a thousand or more.) The n10 outlets of each 
primary group are connected to n=10 secondary 
switches. For the specified grade of service this 
will not give the most efficient arrangement as 
far as the number of secondary switches is con- 
cerned, but for the present this scheme is the 
most opportune for our demonstration. The 
outlets from each primary group are divided into 
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K==4 subgroups, two associated with two, and 
two with three, secondary switches each; for our 
calculations we assume that each subgroup is 
associated with m=2.5 secondaries. 


The number of primary groups can be caicu- 
lated from the amount of traffic n=10 outlets 
can carry at full availability (disregarding the 
reverting blocking from occupied secondary 
groups). The amount of permissible loss in the 
arrangement may be split up in almost any 
ration between the loss caused by a limited 
number of secondary trunks and that resulting 
from a limited number of secondary switches. 
The type of primary-second distribution we 
are concerned with here is usually justified 
when the cost of trunks is high compared 
with the cost of secondary switches, so we 
should be liberal in the provision of secondary 
switches and hunband our loss for the provision 
of trunks. Let us, therefore, allow p—0.001 as a 
grade of service for the number of secondary 
switches. At this graded service, ten outlets 
will carry y=2.95 TU; so the number of primary 
groups will be k=Y/y=74/2.95=25. The total 
number of secondaries, though also irrelevant 
for the probability study, will be nk=250. 


It may be worth while to pause here for a 
moment before we proceed further. If our pre- 
sumptions as to the efficiency of primary- 
secondary distribution are correct, we need 100 
trunks and 250 secondary switches. If we could 
employ primary switches with 95 outlets, we 
would need a thousand or more such switches 
and only 95 trunks — which is, of course, pre- 
posterous. Had we connected a trunk directly 
to a primary outlet without secondaries, we 
would have needed approximately 178 trunks, 
or an increase of 78 trunks. If we could have 
eraded the primary outlets, without secondaries, 
we would have needed 152 trunks, or an in- 
crease of 52 trunks. Thus, our primary-secondary 
scheme is justified when the cost of a trunk is 
more than about five times the cost of a second- 
ary switch. Actually, as we shall see later, the 
number of secondaries could be reduced with 
various artifices to about 120 instead of 250, so 
the primary-secondary scheme is justified when 
the cost of a trunk is only 2.3 times the cost of 
a secondary. 

Continuing on our preceding course, conges- 
tion in our combined primary-secondary rank 
can be expressed as the probability of congestion 






















































1 any one of the primary groups. This may 
occur in the following five mutually exclusive 
events; thus our overall loss will be the sum of 
these five individual losses: 


(a) All Secondary Trunks Busy 


Consider first the case in which all trunks from 
the outlets of all secondary groups are busy 
unconditionally, regardless of the state of the 
primary groups. With a “full availability” 
arrangement and a traffic of Y=74 TU, the 
probability of N s is P’—0.002305; we 
may consider this value of P’ as the probability 
of the first event, just as we did in our previous 
case of a single secondary group. In neither case 
are we theoretically exact, since these values are 
strictly correct only when the occupancy of 
trunks takes place at random, and this will 
happen only as long as the primary groups have 
available outlets. However, it is safe to assume 
that when all secondary groups are congested, 








some primary groups will have no_ outlets 
available. 
Now, let us take a case where all but one 


trunk are occupied when one or more primary 
groups have no available outlets. ‘The last trunk 
can then be taken only from one of the still 
open primary groups, and the probability of 
this is less than at times when all primary groups 
are in the position to extend calls; therefore the 
probability of all-trunks-busy is less than with 
full availability. It is not implied here that the 
number of lost attempts is reduced; only that, 
since calls are blocked at the primaries before 
all the trunks are occupied, the probability of 
all trunks busy becomes less. Nevertheless, it is 
felt that the above value of P’ is sufficiently 
close for our use because: first, as we have seen, 
we have been liberal in the provision of primary 
outlets, and their probability of congestion is 
much less than the all-trunks-busy probability; 
second, as we have seemed to overestimate P’, 
we are on the safe side; and third, for the same 
reason the other events will tend to compensate 
for our error. 


(b) Primary Group Busy 


The second event takes place when all n 
outicts of a primary group are taken while there 
are still secondary trunks available. As we have 
seen, the probability p that n—10 outlets are 
taken by y=2.95 TU is 0.001; therefore the 
conc itional probability for the second event is 


 Qy=(k1)Q—2(h2)Q? +-3.(k3)Q3 — - « 


p(1—P’ )=-0.000998. To the inaccuracy we have 
already discussed in (a), we have added here a 
new one, in that the probabilities p and P’ are 
not independent; rather, the probability of 
total congestion is greater during a period when 
we know that a primary group is congested 
than when we know nothing about the state of 
occupancy. Strictly speaking, therefore, the 
multiplication law should not be applied. 
However, under the present circumstances the 
correlation is small, and for the sake of sim- 
plicity the above approach appears to be per- 
missible, particularly since the error is on the 
safe side. 


(c) One Secondary Group Busy 


We now consider the event when exactly one 
secondary group has all its 25 outlets busy, and 
in the primary group the (k—1)m outlets to the 
three available secondary groups are occupied, 
while of the remaining m primary outlets at 
least one is still idle. As we have said before, in 
a practical case m will always be an integer, 
but for our calculation we will take m=n/k; 
in the present case, m==2.5. | 


If Q is the probability that a secondary group 
is busy, the probability Q, that only one such 
group out of k gtoups is busy is: 


th(ky Qk 


In our case one group carries Y/k—=74/4—=18.5 
TU with 25 trunks and the probability Q that 


all 25 trunks are busy is 0.086030. Inserting this 


value into the equation for Q, with k==4 gives 
0.262728. 


The probability R, that (k—1) m=7.5 pri- 
mary outlets are busy may be computed from an 
offered traffic of (k—1)y/k=2.2125 TU and gives 
0.005632. 


The probability that at least one of the ten 
primary outlets is idle is 1—p—0.999 (or, for 
practical purposes, 1). 

The probability for the event (c) is therefore 
Q,R,(1—p)=90.262728 x 0.005632 —0.001480. 
Here again we have disregarded the fact that 
the above three probabilities are not entirely 
independent. © 


If we had considered only the first term in the . 


expression for Q,, our result would have been 
0.001938 instead of 0.001480, which is still suf- 
ficiently safe for our purposes. 
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Likewise, we have calculated the congestion 
of 0.005632 for 7.5 outlets by the Gregory-New- 
ton interpolation method between the values of 
the Poisson summation for 7 and 8 trunks. By 
inspection we would have interpolated about 
0.0050 which with the other approximation 
would have given 0.00172, instead of the cor- 
rect value of 0.001480. 


(d) Two Secondary Groups Busy 


The fourth event is that exactly two groups 
have their 50 outlets busy, and in the primary 
group the (k—2)m outlets to the available second- 
ary groups are occupied, while of the remaining 
(k—2)m primary outlets at least one is still idle. 


The formula for the probability Q, of two 
secondary groups being busy is the same as the 
one used under (c) for Q,, but with only two 
terms, substituting 2 for k and a new value Q’ 
instead of Q. Q’ is the probability of congestion 
of 50 trunks with Y/2—37 TU, and equals 
0.023899. Inserting this we obtain Q,—0.046656. 
Here again, one term giving 0.047798 would 
have been sufficient. 

The probability R, that (kR—2)m—5 primary 
outlets are busy may be computed from an of- 
fered traffic of (k—2)y/k—=1.475 TU, and equals 
0.017422. 

The probability that at least one of the ten 
primary outlets is idle is again practically 1. 


The probability for the event (d) is therefore 
0.046656 x 0.017422—0.000813. The approxima- 
tion would have given 0.00084. 


(e) Three Secondary Groups Busy 


The last event is that exactly three groups 
have their 75 outlets busy, and in the primary 
group the m outlets to the available secondary 
group are occupied, while from the remaining 
(k—1)m primary outlets at least one is still idle. 


The probability Q; that three secondary 
groups are occupied is 0.019864; the probability 
R, that 2.5 primary outlets are occupied at 
0.7375 TU is 0.111851; thus the probability of 
event (e) is 0.002222 (approximation would 
have given 0.00219). 


Compound Congestion 


The probability of congestion for the com- 
plete primary-secondary distribution may be ob- 
tained by adding up the probabilities for the five 
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events (a) through (e), assuming that they are 
mutually exclusive. 

(a) 0.002305 

(b) 0.000998 

(c) 0.001480 

(d) 0.000813 

(e) 0.002222 

P—0.007818 





Approximations would have given us 


(a) 0.00230 
(b) 0.00100 
(c) 0.00172 
(d) 0.00084 
(e) 0.00219 
P—0.00805 





—that is, within 3% of the more exact value. 
The approximate computation can be carried 
out with the aid of a table of Poisson summa- 
tions and a desk calculator in about 15 minutes, 
once the routine is understood. 


P=0.007818 is somewhat lower than the pre- 
liminary objective P—0.010648. If our general 
assumptions as to the completeness, exclusive- 
ness and independence of the events were even 
nearly correct (and, as we have seen, the errors 
seemed to be on the safe side), the 5% trunk 
allowance was generous. In_ checking the 
Poisson tables we find that 96 trunks in a full 
availability arrangement would have _ given 
0.007987 probability for congestion — that 1s, 
practically the same as 100 trunks with the 
primary-secondary distribution. ‘Therefore, a 
4% trunk allowance appears to be more ap- 
propriate in our example. A recalculation, by 
the “approximate” method, of the example with 
99 outgoing trunks from the secondaries gives 
P=—0.0097 as the probability of congestion; this 
is still somewhat better than our objective. 


Nevertheless, for conservative engineering the 
5% allowance is to be recommended. When 74 
TU traffic is subdivided into 25 primary groups, 
it cannot be expected that each group will carry 
exactly 2.95 TU, nor that the busy hour in all 
groups will exactly coincide. Since the amount 
of loss with a given number of trunks is not 
proportional to the traffic, the actual average 
congestion in the primary stage will be some- 
what larger than expected with equal division; 




















































therefore a 5% trunk allowance is a better prac- 
tical figure. 

The question may be asked whether, by a 
more liberal provision of secondary switches, 
the number of secondary trunks could not be 
further reduced. Let us compute the number 
of primary groups, with the provision that the 
congestion of the n outlets is only p—0.0001. 
Ten primary outlets will then carry only 2.2 TU, 
and = Y/2.2—k=—74/2.2—33.64 primary groups 
will be needed, with about 336 secondary 
switches instead of the previous 250. There is 
no change in event (a). We can practically 
eliminate event (b). In event (c), nothing has 
changed in “Q,”, but the probability R, that 7.5 
primary outlets are occupied has been substan- 
tially reduced — nearly to 1/5 of the previous 
figure. Event (d) is likewise reduced, but to a 
lesser degree, to about 1/3 of the previous 
figure. In event (e) the reduction is still less, by 
about one-half. 

All in all, the combined probability of con- 
gestion P is now 0.0052 instead of 0.0104. In a 
full availability arrangement this loss can be 
obtained with 97.5 trunks instead of the 99 used 
with primary-secondary distribution; thus, about 
1.5% trunk adjustment would suffice. We have 
now saved 2.5 trunks at a price of 86 secondary 
switches, and it is a matter of their relative costs 
as to whether the trade was worthwhile. Theo- 
retically, with p=0.0001, full availability is al- 
ready very closely approached, but with a heavy 
outlay of secondary switches. Here again, more 
than the 1.5% trunk adjustment would be 
recommended in practice, since the primary 
group traffic variation with 34 groups would be 
more pronounced. 


As you will recall, with p=0.001 we have 
traded trunks for secondary switches, at a cost of 
about five secondaries for a trunk. With p= 
0.0001 the incremental cost of a trunk is about 
40 secondaries. With p=0.001 the objective 
P—().0106 cannot be obtained, since the total 
loss is already consumed by the event (b), with 
practically nothing left for the other events. If 
we permit a slightly higher value for P, we may 
save trunks at a cost of four secondaries per 
trunk over a graded multiple arrangement with- 
out secondaries (instead of five secondaries per 
trunk with p—0.001). The incremental cost per 
trunk with p=0.001 over p=0.01 would be 
about ten secondaries per trunk — of course al- 


ways assuming approximately 14 TU traffic, 25- 
outlet secondaries, and 10 secondaries per pri- 


_ mary group. 


Had we used 50-outlet secondaries instead of 


25, the number of trunks could have been re- 


duced from 99 to 96, which is only one more 


_ than the number needed with full availability. 


The number of secondaries at p=-0:001 remains 
unchanged — 250. The congestion consists now 


__ only of events (a), (b) and (c), with probabili- 
ties 0.007987, 0.001000, and 0.001547, respective- 


ly —a total of 0.010534. Each trunk was saved, 
over our first example, at the incremental cost 
of eighty-three 50-point secondaries instead of 


_25-point secondaries. This last conclusion demon- 


strates that the 4% trunk adjustment is valid 
only for the example studied, and the need for 


adjustment is reduced with a diminishing num- 


ber of secondary groups. 


Experimental Results 

We may now check our approach against the 
Dumjohn-Martin data obtained by artificial 
traffic tests. The Dumjohn-Martin experiment 


3 ‘was undertaken for 100 trunks from secondaries 
with a traffic of 75 TU. Primary and secondary 


switches had ten outlets each. There were twenty 
primary groups, and a total of 200 secondary 
switches divided into ten secondary groups. The 


- following table shows the probabilities that the 
number of secondary groups listed in the first 
column would be simultaneously occupied. The 


second column gives the data obtained by Dum- 
john and Martin, and the third column was cal- 


* culated according to Baltzer’s equations, while 


the fourth column was directly read out from 
Poisson tables as the probability of loss with 10x 
trunks at 7.5x TU. 


Sec. Based on 
Groups Dumjohn-Martin __ Baltzer Poisson 
0 0.4287 0.441 0.4544 
1 0.2554 0262 - 622% 
9 0.1460 0.149 0.1248 
3 0.0827 0.076 0.0747 
4 0.0445 0.022 0.0463 
5 0.0201 0.011 0.0292 
6 0.0135 - 0.0061 0.0187 
ay 0.0049 0.0051 0.0120 
8 0.0019 0.0022 0.0078 
9 0.0012 0.0013 0.0051 
10 0.0002 0.0009 0.0034 














The agreement of Dumjohn-Martin with both 
of the formulas does not seem bad, considering 
the discrepancies generally found in telephone 
traffic problems. The last four values obtained 
by us appear to be excessively high, but this 1s 
usually the case whenever the Poisson summa- 
tion is used towards the “tail end” of the dis- 
tribution, with many still-significant terms added 
together, as compared with a combinatorial or 
binomial distribution. However, as we have seen, 
these end values have a diminishing significance 
on the overall congestion, so we may trade some 
slight accuracy for a saving in labor. 


Actually, a statistical analysis reveals that the 
agreement of either of these two sets of values 
with the experimental set is not too good, but 
other formulas which were calculated gave far 
worse and completely useless results. And a chi- 
square test reveals that the Poisson values give 
a better fit to the experimental set than Baltzer’s 
formula. Our method did not require any calcu- 
lation other than a total of four interpolations, 
while the other requires a very lengthy compu- 
tation. 


The expected average number of primary out- 
lets to be blocked by fully occupied secondary 
groups can be estimated by the product of (10 x 
first column x fourth column), which gives 13.7 
outlets. Baltzer’s method gives 10.4, while the 
experimental expectation is 12.2. Here again, 
our method appears to give conservative results. 


Baltzer estimates the loss for this arrangement 
to be 0.016. We may calculate the loss by an 
approximate method, where the probabilities of 
the events (a) and (b) have the same meaning 
as in our previous example. There are nine 
more events where the probabilities Q,...... Q, 
may be taken as approximately the values in the 
fourth column of the preceding table. These Q, 
values are multiplied by the probability R, that 
in a primary group 10—7 outlets are occupied by 
a trafic of 3.75(10—7)/10. For the compound con- 
gestion we obtain 0.021 instead of Baltzer’s 
0.016. In a full availability arrangement for 
75 TU at a grade of service of 0.016, a little less 
than 95 trunks are needed: Baltzer estimates 100, 
while we would estimate 102. Baltzer’s result 
gives a little over 5% trunk allowance, our trunk 
allowance is about 7%. However, it is well 
known that whenever traffic engineering is 
based on a Poisson distribution we end up with 
more trunks than with other types of distribu- 


42 





tions. As the 95-trunk estimate for full avail- 
ability was also based on a Poisson distribution, 
Baltzer’s allowance is actually higher than 5%, 
compared with the type of distribution he is 
using. 


Graded Outlets 


Returning to our previous example of 74 TU 
traffic and 99 or 100 trunks, we have seen that 
this availability was achieved at the price of 
using 250 secondary switches. We have also seen 
that such an arrangement could not be justified 
unless the cost of a trunk exceeds the cost of 
five secondary switches. Actually, we can do 
considerably better. 


We have divided the source of traffic into 
twenty-five groups of primary switches, and 
assigned a secondary switch to every one of the 
ten outlets of each primary group. If a primary 
group carries 2.95 TU, the average load per 
outlet is 0.295 TU. We know that when switch 
outlets of availability of the order of 10 are 
arranged into a larger group of graded outlets, a 
much higher efficiency per outlet can be ob- 
tained: for instance, the efficiency of a graded 
group of 40 outlets at p—0.001 is at least v—0.37 
TU per outlet, or an increase of 25%. We could, 
for instance, divide our primaries into k=5 
graded groups, each group carrying y=Y/k= 
74/5—=14.8 TU. Each primary group would then 
have n=40 outlets at an efficiency of 0.37 TU per 
trunk, which provides almost exactly p=0.001 for 
the primary stage. The number of secondary 
switches is now 5 x 40—200—a reduction of 20%, 
of course. The cost of a trunk need now be only 
four times the cost of a secondary switch, to 
prove-in the arrangement. But let us first see 
whether we have changed our several events. 


The development of a probability theory for 
graded multiples has intrigued almost all 
mathematicians who have pursued telephone 
traffic problems, but in spite of a variety of very 
ingenious approaches and the seeming simplicity 
of the problem it remains as puzzling today as 
ever. A number of formulas have been de- 
veloped (some having no similarity to one an- 
other), but most of them are very complex and 
difficult to calculate, all of them are restricted 
to specialized arrangements, and, unfortunately, 
none of them gives results which come even close 
to the “facts of life’. [Since I wrote this, Roger 
I. Wilkinson has published a paper on “Theories 
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for Toll Traffic Engineering in the U.S.A.” 
(Bell System Technical Journal, March, 1956) 
which includes a new, practical approach to 
traflic-grading problems.] For engineering pur- 
poses, several telephone organizations have de- 
veloped trunk-capacity tables by mixing ap- 
proximate probability theory, artificial traffic 
experiments, actual traffic observations, empir- 
ical interpolation formulas, common sense and 
expediency. These tables serve the purpose very 
well, even though they may give somewhat dif- 
ferent answers to the same question under 
apparently identical conditions. 


Since the “probability theory’ approach is 
unsurpassable, for the time being, for ordinary 
graded multiples, it would be useless to at- 
tempt to improve upon it when we have the 
added complexity of primary-secondary distribu- 
tion. Instead, we will refer to the graded- 
multiple tables which are in use in the United 
States, accept the data given by these tables as 
facts, and try to apply them, as well as we can, 
to our problems. 


For computations on primary-secondary ar- 
rangements with graded multiples, we consider 
then the same five mutually exclusive events as 
before. In event (a) — All secondary trunks busy 
— there is no change, since the full availability 
congestion P’ is independent of the manner in 
which the primary outlets are arranged. Also in 
event (b) — Primary group busy — there is no 
change, since we now compute our graded pri- 
mary groups to provide a grade of service p= 
0.001, as before. 


In events (c), (d), and (e)—One, two and 
three secondary groups busy —the first factor, 
Qi (the probability of 1 secondary groups having 
all their outlets simultaneously occupied) as well 
as the third factor (which we consider as 1), re- 
main unchanged. But the second factor, Ri— 
namely, the probability that the primary outlets 
to unblocked secondaries are occupied — is more 
difficult to estimate when the outlets are graded. 
First, the assumption which we have previously 
made, that all primary outlets carry equal traffic 
(or if not, the traffic will average out over a 
large number of primary groups) is no longer 
valid because it is inherently impossible to com- 
plete'y equalize traffic with conventional grad- 
ing methods, and furthermore the number of 
primary groups has been reduced to five, which 
may not be sufficient to insure equalization. 


Second, as we have already pointed out, there is 
no satisfactory analytical method of estimating 
the amount of traffic carried by each outlet, or 
even for any group of outlets in a grading plan. 
Third, since the principle of grading requires 
that certain outlets are to be reserved for the 
peak periods in traffic, the correlation between 
the states of occupancy of secondary groups and 
the occupancy of certain primary outlets must 
be greater than in the example without grading. 


Fortunately, there is this compensating fac- 
tor: in laying out a grading plan an effort is 
automatically made to equalize the traffic over 
the various outlets as well as one can; in fact, 
only by this means can the efficiency of graded 
outlets be achieved. So, lacking a better hypothe- 
sis, we have no choice but to work with the 
average load per outlet — over the whole grading 
and all groups. This occupancy will be, of course, 
y/n=14.8/40—0.37 TU. 


It now remains to calculate the probability 
Ri — for instance in the event (c), that three- 
fourths of the primary outlets accessible to any 
one primary switch are occupied. This condi- 
tion may be considered equivalent to the state 
when a certain group of 30 outlets out of 40 in 
a primary group are occupied when a traffic of 
30 x 0.37—11.1 TU is carried by these outlets. 
Here is our next stumbling block, since we have 
no exact way to calculate this probability in a 
graded multiple. So we have to take recourse to 
an artifice for which the only excuse is that 
there is no alternative! 


Examination of the Poisson table reveals that 
if we pick two pairs of traffic loads and cor- 
responding numbers of trunks for the same grade 
of service —say 4 TU with 8 trunks and 15 TU 
with 22 trunks — then 8 TU with 16 trunks will 
give about the same grade of service as 30 TU 
with 44 trunks, or 16 TU with 32 trunks about 
the same as 60 TU with 88 trunks. Of course 
this is all approximate, but it is close enough to 
encourage us to try our proposed procedure. 


Accordingly, we now make the assumption 
that the probability of occupancy of r trunks 
with a traffic of ¢ in a graded arrangement is 
the same as the probability of occupancy of r 
trunks with a traffic of u in a full availability 
arrangement, if the number of trunks R was 
originally established to give the same grade of 
service with traffic. U in full availability as 
with traffic T in a graded arrangement. For in- 
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stance, we computed R=40 outlets for T—14.8 
TU at p=0.001. In a full availability group, 
U—23.25 TU will give the same grade of service 
with R40 outlets. The probability that r—30 
outlets are occupied with u—17.44 TU is 
0.004148 in a full availability group, and so by 
our reasoning, 30 outlets in a graded group 
should be occupied by t—11.1 TU with the 
same probability, R,—0.004148. 

From the above, the probability of event (c) 
will be Q,R,—0.326910 x 0.004148—0.001356, 


as compared with the previous value of 
0.001841. 


Through similar reasoning, the probability of 
event (d) is 0.046656 x 0.015967—0.000745, and 
of event (e) 0.019867 x 0.070844—0.00141 (the 
probabilities of corresponding events in the 
full availability case were 0.000813 and 0.002222, 
respectively) . 


The compound congestion for the distribution 
is: 
(a) 0.002305 
(b) 0.000998 
(c) 0.001356 
(d) 0.000745 
(e) 0.001410 
P—0.0068 14 





In the full availability case, P—0.008179, so 
there appears to be an improvement caused by 
grading. But (just so we do not derive an ex- 
aggerated satisfaction from this conclusion), we 
must remember the unsupported hypothesis and 
crudeness of the method by which we have ar- 
rived at it! Furthermore, the above demonstra- 
tion was carried out in only one example, and 
I have not produced an analytical expression 
that would permit generalization. I do believe 
that we are on a reasonably safe ground, but the 
most that we can say is that there is no reason to 
suspect that the grading arrangement gives ef- 
ficiency inferior to that of full availability. 

Encouraged by our grading method, the 
question may also be asked whether further 
economies could be obtained by grading the 
secondary outlets — for instance, by combining 
the four secondary groups into one large graded 
group. The answer is a definite “No”. As we 
have seen, we already have virtually full avail- 
ability, with about 4% trunk adjustment. This 
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adjustment was required not because of the 
limited access of the secondaries, but because of 
the blocking of some primary outlets. 


It was our contention all along that conges- 
tion actually occurs always at the primary out- 
lets. Now, such an outlet is blocked whenever a 
secondary switch has all its 25 outlets occupied, 
and this is true whether those outlets are graded 
or in a straight multiple, as long as the average 
trafic per outlet is the same. As this is Y/N, 
and within 4% of the full availability loading, 
further improvement does not seem to be feasible. 


Partial Secondary Distribution 


Following up our last thought, while a saving 
of secondaries by grading of secondary outlets 
does not seem to be practical, a further economy 
in secondary switches is possible by one form 
of grading — which, however, is not immediately 
apparent as being such. 


We have estimated that in the grading ar- 
rangement in our example the average loading 
of a secondary switch is v0.37 TU. To make 
the example more definite, we shall assume that 
each of the five primary groups is divided into 
S—8 subgroups, with the first three outlets of 
each subgroup brought out individually and 
the remaining seven outlets commoned between 
the various subgroups of a group in some man- 
ner to provide leads to sixteen secondaries. ‘The 
first three outlets take care of twenty-four leads 
(all together, forty outlets) as prescribed by the 
grading. 

Now, an analysis of the grading will reveal that 
when approximately y/s—=g—14.8/8=1.85 TU 
is offered to each subgroup, the first of the three 
individual outlets will carry 0.64 TU, the sec- 
ond 0.53 TU, and the third 0.36 TU; the rest 
is of no interest for our purpose. Obviously, the 
first two outlets are already loaded higher than 
the average of the group by virtue of being the 
first choices for the traffic, so it would serve 
no purpose to connect a secondary to them. but, 
as we can see, the same conclusion would not 
apply to the third outlet. Therefore, we may just 
as well connect the first two outlets of each of 
the eight subgroups of each of the five groups to 
an outgoing trunk directly without the inter- 
mediary of a secondary — sixteen outlets in each 
group, eighty trunks altogether. Each of the 
remaining Sm—5 x 24—120 outlets are then 
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connected to a_ secondary —altogether, 120 
secondaries. 

We have now reduced the number of second- 
aries from 200 to 120 as promised earlier, and 
the primary-secondary distribution is justified 
whenever the cost of a trunk exceeds 2.3 times 
the cost of a secondary. 

As the average load of the first two (direct) 
outlets is (0.64+-0.53)/2—0.585 TU=h, while 
the average load of an outgoing trunk (assuming 
a total of 100 trunks are provided) is Y/N—0.74 
TU, there is left in each of the 2ks—80 direct 
trunks some excess capacity which we have to use 
up, or our presumed economy will backfire! 
Therefore, each of these 80 direct trunks Is also 
connected to the outlets of the various secondary 
groups exactly as in the preceding examples. 





It remains now to find out what these various 
changes have done to the congestion. As it was 
pointed out before that even ordinary grading 
arrangements cannot yet be satisfactorily analyzed 
mathematically, and the addition of a secondary 
distribution has already forced us into a specu- 
lative approach, the present added complication 
must take us onto still more shaky ground! 

There are now 80 trunks which appear as 
both direct trunks and secondary outlets, while 
20 trunks receive traffic only through the second- 
aries. Obviously we cannot divide equally among 
the 100 trunks the total amount of traffic passing 
through the secondaries, and add to each of the 
80 direct trunks also the traffic they receive 
directly. Neither can we assume that the direct 
trunks will receive the full amount of traffic 
h=0.585 TU from the primaries, as they would 
had they not also received traffic from 
secondaries. 


As we cannot estimate the exact traffic dis- 
tribution, we are forced to make some assump- 
tions, and our conclusions will be no more 
plausible than the premises on which they are 
based. Here again, there is no excuse for these 
assumptions except that there are no others 
known to me which could be better justified, 
and as long as there is some purpose in apprais- 
ing the state of congestion of this primary- 
secondary arrangement (and until better prem- 
ses are found) such speculation must be guided 
by the most reasonable premises available to us: 


First, that the number of trunks remains un- 
changed, or (which means the same) that the 


average load per trunk remains unchanged: Y/N 
=0.74 TU. Of course, we do not know this, 
because it is the very thing we wish to find out. 
But if we proceed from this assumption and can 
then confirm the grade of service at the end 
(without just operating in a vicious circle with 
an identity!) we will at least have proved the 


assumption not invalid. 


Second, that the traffic between the various 
trunks is in a way equalized. As in the preceding 
case, we do not imply by this that all outlets will 
carry the same load (in fact, our next assump- 
tion is that the outlets are not equally loaded). 
However, we do assume that the arrangement of 
outlets from the different primary groups and 
secondary switches, as well as the assignment of 
direct and indirect outlets to the secondary 
banks, is such that it is permissible to work 
with the average load of the direct, and the 
average load of the indirect, outlets and trunks, 
and also with the average load carried over the 
first- and second-choice primary outlets. This 
assumption seems to me quite legitimate. 


Third, that the direct trunks will obviously 
carry a higher load than the twenty indirect 
trunks, and the fraction of the traffic received 
by the direct trunks from the secondaries will 
be less than the load carried by the indirect 
trunks. This assumption is unquestionably true. 


Fourth, that the traffic received by the direct 
trunks from the first two primary outlets will 
be less than it would be if these trunks would 
not appear also on the secondary banks. This 
corresponds to the second statement of the third 
assumption (above) and is equally true. 


Fifth, that it is permissible to evaluate the 
third and fourth assumptions in the following 
manner.. We designate the average traffic re- 
ceived by a direct trunk from the first- and 
second-choice primary outlets as A, the traffic 
received by the same trunk from a secondary 
outlet as B, the traffic received by an indirect 
trunk from a secondary outlet as D. Consider 
the traffic g=y/s offered to a primary subgroup. 
Then A=ip(0)f(g), where i is the proportion 
of time when the trunk is available to receive 
traffic from the primary outlet and is 1—B, p(0) is 
the probability that no traffic is received from 
the primary switch, and f(g) is a traffic distribu- 
tion function such that, for instance, p(0)f(1.85) 
=h==0.585, in our example. Likewise, B—(1—A) 


-D. If A and B and D were independent and 
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random quantities, the above relations would be 
reasonable, but B and D are definitely not ran- 
dom, and there is a correlation between A and 
B, and also between A and D. There are means 
of making approximate corrections for non- 
randomness, but it would be too complex in 
this case, nor would it be practical to compute 
the correlation. Neither of these omissions do I 
consider serious enough to prevent us from 
drawing conclusions for the present purposes. 


Sixth, that in the present case B—0.4, ap- 
proximately. This value was obtained by suc- 
cessive approximations, and will satisfy the fol- 
lowing computations. 


The average traffic received by each of the 
first two primary outlets will be: 
A=(1-B)p(0)f (1.85) =0.6x0.585—0.35. Eighty 
direct outlets will carry 28 TU. The amount to 
be carried over to the secondaries is 74-28—46 
TU. The average traffic carried by each of the 
20 indirect trunks can be calculated from the 
relation based on the fifth assumption: 
80(1-A)D + 20D—46; soD—0.64 TU. Theaver- 
age traffic received by each direct trunk from 
secondaries is (l1-A)D=—0.415, which is near 
enough to the value of B—0.4 suggested in the 
preceding paragraph. The total average load of 
a direct trunk will be 0.35 + 0.415—0.765 TU. 
The total traffic carried by the 100 trunks will be: 
0.765 x 80 + 0.64 x 2074 TU (but we should 
not attach any significance to this return to our 
starting point, since in the above calculation we 
have proceeded in a circle, on the basis of the first 
assumption; thus any other result would indeed 
have been surprising!) This, however, is not the 
case in the next consideration. 





The total load carried by the secondaries is 
46 TU. The average load carried by a secondary 
is w==46/120—0.383 TU, which is only slightly 
larger than the v0.37 TU obtained in the 
preceding example with 200 secondaries. 


The probability of compound congestion is 
again the sum of several events. The probability 
for event (a) remains unchanged. Event (b) 
will be considered later. The other events take 
place when one or more of the secondary groups 
are occupied and the pertinent primary outlets to 
the unoccupied secondary groups as well as the 
pertinent direct outlets are busy. The probability 
Q: that one or more secondary groups will have 
all their outlets simultaneously occupied is like- 
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wise the same as in the preceding examples, since 
these probabilities depend only on the iotal 
load carried by the trunks in an arrangement 
which is virtually full availability, and not on 
the manner these trunks are connected, so long 
as we can assume that the loads on the groups 
of 25 trunks are equalized between the four 
secondary groups. 


The occupancy of the primary outlets, how- 
ever, seems to be unmanageable. It may be ap. 
praised by the following reasoning: A conges. 
tion will occur only under the conditional 
probability Prob (r,z) that certain direct outlets 
z are busy, and that at the same time certain 
combinations r of outlets to secondaries are busy. 


A second unconditional probability, q(7), re- 
fers to the event that certain r secondaries are 
busy. In the preceding example of graded mul- 
tiple outlets without direct trunks, we have 
concluded that the probability of congestion for 
r trunks may be considered the same as for 1 
trunks in an equivalent “full availability” group, 
which was established for the same number of 
total outlets, and the same grade of service. The 
persent situation is similar: we have established 
the grading with the same 40 outlets at the 
same grade of service, and the average traffic 
carried by the 24 outlets to the secondaries is 
approximately the same as in the previous case. 


There are, however, two important changes. 
First, as we now consider only the outlets be- 
yond the second choice, the traffic over these 24 
outlets will be less random than the average 
over the 40 outlets in the previous case; this 
should increase the probability of congestion. 
Second, the probability of congestion of r (say, 
18 outlets out of a total of 24) is greater than 
40r/24 (say, 30 outlets out of a total of 40) if 
the average traffic carried is the same in both 
cases. An analysis of the grading indicates that 
an average traffic of 0.383 for each of the 24 
indirect outlets is equivalent to 19.8 TU carried 
by 40 graded outlets, which is equivalent to 
25.8 TU carried by 40 outlets in a full avail- 
ability group. 


Based on this fact, and assuming that the 
probability of 6 out of 8 indirect outlets in a 
primary subgroup being occupied is the same 
as that of 18 of the 24 outlets in the primary 
group, we obtain approximately q(r)=q(18)= 
0.014. 
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To obtain the probability R,, we must mul- 
tiply q(r) by q’(z), which is the conditional 
probability that z direct primary outlets are 
occupied when it is known that certain r of the 
indirect outlets in the same primary groups are 
also occupied. The unconditional probability 
that z primary outlets are occupied is, of course, 
0.765z, which is 0.585 if we consider two specific 
direct outlets. However, this probability must 
change when it is known that at least r—18 of 
the indirect outlets are occupied at the same time, 
since obviously in a grading later choice trunks 
would not be occupied unless the early choice 
outlets were unavailable (disregarding, of course, 
the period when an early choice outlet might 
have become free before a new call arrived 
which could have occupied it). Actually, we 
did not specify that exactly r indirect outlets are 
occupied, but that certain r indirect outlets are 
occupied, while some of the remaining indirect 
outlets of the same primary group must be un- 
occupied though blocked. On the assumption 
that at least r outlets are occupied, the expecta- 
tion of the occupied outlets can be computed; in 
the example, r—18 is now 19.3 outlets, or 80.3% 
of the 24 indirect outlets. We might now be 
tempted to assume that 80.3% or 12.85 of the 16 
direct outlets are also occupied — that is, a prob- 
ability of 0.803 for the occupancy of a direct 
outlet, and for q’(2)—0.803?—0.645. However, 
from what has been said it is apparent that when 
80% of the later-choice outlets are busy, almost 
all direct outlets must be unavailable. Suppose 
that during this period there is a probability of 
0.95 that a direct trunk is occupied, q’(2)—0.95? 
=0.9. Then R,=q(r)q'(z)=0.014 x 0.9—0.0126 
and the probability of event (c) will be: 

Q, R,=0.327 x 0.0126—0.00412. 


Event (d) assumes that a certain 12 of the in- 
direct outlets are occupied, and g(r)—0.040. In 
this case we are not justified in supposing that 
nearly all direct outlets are taken, although the 
fact that two secondary groups are completely 
busy indicates that the traffic is heavy. So in- 
stead of the average direct load, 0.765 TU, we 
may work with the previous increased occupancy 
per direct trunk — say 0.95 TU; thus q'(z)—0.95? 
=0.9. Then R,—0.040 x 0.9—0.036, and the 
probability of event (d) will be: 

RQ. —0.036 x 0.046656—0.00168. 


Event (e) assumes that a certain 6 of the in- 


direct outlets are occupied, and q(r)=0.118. In 


this case we have even less reason to suspect that 
nearly all direct outlets are taken, except that 
we know that when three secondary groups are 
completely busy the traffic must be very heavy. 
We may use again q’(z)=0.9; then R,—0.118 x 
0.9—0.106, and the probability of event (e) will 
be Q;R3=—0.019867 x 0.106=—0.00211. 


It still remains to compute the probability for 
event (b) when all primary outlets in a subgroup 
are occupied. Now we might be tempted to as- 
sume that this probability is p—0.001, the prob- 
ability of congestion of 40 outlets in a graded 
group with Y=14.8 TU. This would be correct, 
had we removed an average of h==p(0)f(1.85)— 
0.585 TU by each of the first two outlets in each 
subgroup. Actually only. A=0.35 TU was re- 
moved and passed on to the third outlet g—-2A— 
1.85—0.70—1.15 TU, assuming that each sub- 
group carried the same g=1.85 TU load (which 
is the most favorable case). An analysis of the 
grading shows that now the probability of all 
ten outlets of a primary subgroup being occu- 
pied is approximately p—0.0075, and the prob- 
ability of event (b) is thus approximately p(1—P’) 
==0.0075—a very considerable increase over 0.001. 


The compound congestion will then be: 
(a) 0.0023 
(b) 0.0075 
(c) 0.0041 
(d) 0.0017 
(e) 0.0021 
==0.0177 


which is now appreciably higher that the pre- 
vious objective P—0.010. In a full availability 
group this grade of service is obtainable with 
slightly over 93 trunks at 74 TU, and two trunks 
would have to be added to obtain the objective, 
0.010. With the present partial secondary arrange- 
ment, the number of trunks would accordingly 
have to be increased to 102, instead of the 100 
trunks planned, or the 99 trunks with full pri- 
mary-secondary distribution. (It should also be 
remembered that the analysis of the graded full 
primary-secondary example indicated that even 
98 trunks might suffice.) 





In conclusion it may be stated that, provided 
the limitations of the above analysis are accept- 
able, the efficiency of the primary-secondary ar- 
rangement is appreciably reduced by connecting 
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first-choice outlets directly to outgoing trunks 
and eliminating the corresponding secondary 
switches. In the example treated here the loss of 
elficiency, relative to full availability, is almost 
double that of a full primary-secondary distribu- 
tion. It requires about 7% trunk adjustment in- 
stead of 4%, and this would have to be increased 
if an added margin of safety were required. 
The incremental value of a trunk in the partial- 
secondary graded case versus the full-secondary 
graded case is in this specific example about 20 
secondaries; this suggests that partial-secondary 
distribution should not be employed when the 
cost of trunks is high and their number is large. 


As the above tabulation shows, the main cause 
of the loss of efficiency in primary-secondary ar- 
rangements is the large amount of congestion of 
event (b) , which is due to the fact that the direct 
trunks receive traffic also from the secondaries, 
and thereby the indirect outlets are loaded high- 
er than might be assumed from the theoretical 
grading with full secondary distribution. While 
many phases of the foregoing analysis are debat- 
able, in general we were conservative; ultimate 
judgment on this analysis must be deferred for 
practical verification. 


List of Symbols 


(a) Event that all trunks are occupied. 

(b) Event that all outlets of a primary group 
are occupied. 

(c) Event that the outlets of one secondary 
group are occupied, and primary group is 
congested. 

(d) Event that the outlets of two secondary 
groups are occupied, and primary group is 
congested. 

(e) Event that the outlets of three secondary 
groups are occupied, and primary group is 
congested. 

g Traffic carried by a subgroup in a graded 
primary group. 

h Average traffic of each of the first two 
choices in a graded group. 

k Number of primary groups. 

m Number of outlets from a primary sub- 
group. 

n Number of outlets from a primary group. 

p Probability that all outlets of a primary 

group are occupied. 
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Errata 


On page 38—right-hand column, line 11 and fol- 
lowing, should read: 


“ratio between the loss caused by a limited 
number of secondary trunks and that resulting 
from a limited number of secondary switches. 
The type of primary-secondary distribution 
we are concerned with here is usually justified 
when the cost of trunks is high compared with 
the cost of secondary switches, so we should be 
liberal in the provision of secondary switches 
and husband our loss for the provision of 


trunks.” 


On page 39—formula “Q,— .. .” should read: 
Q(T )Q-2( 5)Q+3(5 Qk )Q? 


On page 41—third paragraph, line 5: 
“b—0.001” should be “p—0.01" 


On page 43—Q: should be Q ; 
Ri should be R; 


On page 44—fifth paragraph, line |: 
‘‘P—0.008179” should be “P=—0.007818" 


In last line on page: 
“Sm—)5 x 24—120 outlets” should read 
“Sm—) x 24—120 outlets” 


On page 45—right-hand column, line 7: 
‘... we will at least have proved the assump- 
tion not invalid” should read: “. . . at least we 
have not proved the assumption to be invalid”. 


On page 46: 
“Qu” should be “Q; 


In right-hand column, line 16: 

“A second unconditional probability 
should read “The second unconditional prob- 
ability...” 


? 


On page 48: 
“Q,” should be “Q-” 
“R," should be “R .” 


“ (3) Post Office Electrical Engineers Journal, 
July” should be “... July, 1922” 
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Automatic Electric (Canada) Limited .. . . Brockville, Ont., Canada 
Automatique Electrique, S.A. . ...... . . . Antwerp, Belgium 
Autelco Mediterranea S.A.T.A.P. . . . ..... +... Milan, Italy 


® 
REGIONAL DISTRIBUTING COMPANIES AND REPRESENTATIVES 


ARGENTINA, URUGUAY, AND PARAGUAY COLOMBIA 


D. C. Clegg Cia. Industrial de Teléfonos, S.A. 


Sala 61 : Se Apartado Aéreo 3968 
Rua Conselheiro Crispiniano No. 69 Bogoth, Colombia 


Sao Paulo, Brazil 


AUSTRALIA KOREA, PHILIPPINES, INDONESIA 
Automatic Electric Telephones Limited AND SOUTH ASIA 
86 Holdsworth Street, Woollahra P. £: Logan 
Sydney, Australia Box 460 
BELGIUM, LUXEMBOURG, AND Manila, Philippines 
SCANDINAVIA 
Automatique Electrique, S.A. ITALY 
22 Rue du Verger, Antwerp, Belgium Autelco Mediterranea, S.A.T.A.P. 
BOLIVIA, ECUADOR AND PERU Via Bernina 12 
J. P. Maclaren Milan, Italy 
Apartado Aéreo 3968 
Bogota, Colombia MEDITERRANEAN AREA AND NEAR EAST 
BRAZIL International Automatic Electric Sales 
Automatic Telephones Limited of Brazil Company, S.P.A. 
Sala 61 Via di San Basilio 41 


Rua Conselheiro Crispiniano No. 69 Rome, Italy 
Sao Paulo, Brazil 


CANADA NETHERLANDS 


Automatic Electric Sales (Canada) Limited Automatique Electrique, S.A. 
185 Bartley Drive Huygenstraat 6 
Toronto 16, Ontario, Canada The Hague, Netherlands 


Other Sales Representatives and Agents Throughout the W orld 





